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I.  INTRODUCTION 

This  report  has  been  prepared  in  accordance  with  the  terms  of  Contract 
No.  DAAF01-67-C-0724.  The  objective  of  the  program  has  bean  the  development 
of  a  conce  pt  f  or  an  individual  shoulder  fired  weapon  capable  of  firing  5.56nin 
molded  caseless  propellant  cartridges.  The  weapon  concept  shall  be  light 
weight,  gas  operated,  and  possess  a  selective  semi  and  full  automatic  fire 
capability. 

The  six  month  program  running  from  11  June  1967  through  30  November, 
19b7  ,  consisted  of  a  detailed  engineering  design  and  theoretical  analysis; 
and  the  fabrication  and  testing  of  an  experimental  firing  fixture.  This 
program  lias  demonstrated  the  feasibility  of  using  the  firing  pin  actuated 
mechanism  as  a  simple  and  effective  means  of  firing  caseless  ammunition. 
Presented  herein  is  a  comprehensive  summary  of  all  work  performed  during  the 
course  of  the  above  mentioned  contract. 
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II.  WEAPON  CONCEPT 
A.  General 

The  final  concept  lor  the  S.Sbtim  case  less  rifle  as  developed  by 
AAI  under  the  present  contract  Is  shown  on  the  assembly  drawing,  page  2.02 
The  firing  fixture  which  was  designed,  fabricated  and  tested  during  the 
program  Is  exactly  as  siuvn  in  this  drawing  with  the  exception  of  the  stock 
and  auxiliary  equipment.  A  photograph  of  the  test  llxture  is  shown  on 
page  2.03.  An  exterior  view  of  the  weapon  can  be  seen  in  the  artist's  con¬ 
cept  on  page  2.04. 

A  table  of  spec  1 1  icat  tons  is  included  on  page  2.0!).  Tills  table 
summarizes  the  characteristics  of  the  caseless  rifle. 

H.  Action 

The  basic  operating  mechanism  for  this  weapon  has  been  designated 
as  firing  pin  actuated.  This  means  that  the  firing  pin  receives  its  energy 
directly  from  the  chamber  gases  and  acts  as  a  bolt  carrier  to  cycle  the  weapon. 
The  weapon  fires  from  the  closed  bolt  position.  Figure  2 -5  is  a  schematic 
representation  of  the  actual  firing  cycle.  A  photograph  of  tins  cycle  is 
sluwn  in  Figure  2-6,  page  2.07.  The  round  is  fired  by  the  impact  of  the 
firing  pin  on  the  primer.  The  gas  pressure  acts  on  liie  lace  of  the  liring 
pin,  accelerating  it  rearward,  as  the  projectile  moves  dewn  the  barrel.  The 
firing  pin  then  cams  the  bolt  to  the  unlocked  position,  the  chamber  pressure 
having  had  time  to  recede,  and  carries  it  rearward  to  the  buffer.  On  the 
forward  stroke,  by  the  action  of  the  drive  spring,  the  next  round  is  fed,  the 
bolt  is  Locked,  and  the  chamber  sealed,  as  the  firing  pin  returns  to  the 
seared  position. 
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ASSEMBLY  DRAWING 
FIGURE  2-1 
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SPECIFICATIONS  FOR  AAI  CASELESS  RIFLE 


Weight  Unloaded  with  Sling 
Weight  Loaded  with  20  Rounds 
Overall  Length  ------- 

Barrel  Length  ------- 

Rate  of  Fire  ------- 

Modes  of  Operation  -  -  -  -  - 


Caliber  -  --------------- 

Muzzle  Velocity  ------------- 

Method  of  Operation  .  . . -  -  - 

Firing  Method  -------------- 

Chamber  Cooling  ------------- 

Extraction  --------------- 

Rounds  to  "Cook-Off"  Level  (at  750  rds/min) 


- -  5.72  lbs. 

-  -  -  •  5.96  lbs. 

-  -  -  -  40  in. 

-  -  -  -  20  in. 

-  -  -  -  750  rds/min 

-  -  -  -  Semiautomatic 

Full  Automatic 
optional:  3-Round  Burst 

-  -  -  -  5.56mm 

-  -  -  -  3250  ft/sec 

....  Firing  Pin  Actuation 

-  -  -  -  Closed  Bolt 

-  -  -  -  .6  lb.  Alum.  Heat  Sink 

-  -  -  -  Compressed  Air 

-  -  -  -  530 


Figure  2-4 


2.05 


FIRING  SEQUENCE 
FIGURE  2-5 
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J.  FIRIN'  !MN  IN  BATTERY  iXNSIi'ION 


4.  FIRIN''  FIN'  BOLT  AT  BUFFER  FOS  IT!  ON- 


SEQUENCE  OF  Ol’ERATION 
FIGURE  2-0 


2. 


a 


c. 


Breech  Seal 


The  bolt  and  firing  pin  seals  developed  by  AA1  have  been  com¬ 
pletely  successful  in  sealing  off  the  chamber  during  the  firing  cycle.  The 
drawing  on  page  2.09,  Figure  2-7,  shows  an  enlarged  view  of  the  breech  sealing 
mechanism  used  on  the  test  fixture.  A  complete  theoretical  analysis  of  the 
mechanics  of  obturation  of  these  seals  is  presented  in  Appendix  "A".  The 
basic  principle  used  here  is  to  have  a  metal  obturating  surface  act  as  the 
high  pressure  seal,  lol lowed  by  a  backup  "0"  ring  type  seal  to  block  liver 
pressure  gases  that  may  escape  the  initial  seal  prior  to  complete  obturation. 
The  actual  bolt,  firing  pin,  and  seals  in  use  on  the  test  fixture  are  shown 
in  Figures  2 -8  and  2-9  on  page  2. 10  and  2.11. 

D.  Extraction  and  Ejection 

The  extractor  concept  investigated  during  the  recently  completed 
program  is  shown  in  Figure  2-10,  This  device  uses  pressurized  air  to  force 
the  cliambered  round  out  of  the  barrel  into  the  ejector  tray.  A  photograph  of 
the  actual  components  is  shcvn  on  page  2.  Id,  The  mechanism  is  actuated  by 
pulling  the  charging  liandle  which  is  connected  to  the  pump  piston.  As  the 
charging  handle  is  moved  rearward,  the  bolt  and  firing  pin  move  back  and  the 
ejector  tray  drops  down.  When  the  piston  nears  the  end  of  its  stroke,  the 
valve  is  opened,  allowing  the  compressed  air  to  enter  the  chamber  and  force 
the  cartridge  into  the  ejector  tray.  When  the  charging  handle  is  released, 
the  bolt  cams  the  ejector  up  throwing  the  cartridge  out  the  ejection  port. 

E.  Magazine 

Figure  2-12  shows  the  design  of  a  20  round  box  type  double  row 
magazine.  This  magazine  has  a  two-piece  injection  molded  case  and  a  molded 
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BOLT  &  FIRING  PIN  SEAL  CONFIGURATION 
FIGURE  2-7 

2.09 


DISASSEMBLED  BOLT,  FIRING  PIN,  AND  SEALS 
FIGURE  2-9 


bARREL 


COMPRESSED  AIR  EXTRACTOR 
FIGURE  2-10 


follower  all  made  of  glass*fllled  Nylon.  The  capacity  could,  of  course,  be 
Increased  by  Increasing  the  length  of  the  magazine.  Another  way  to  Increase 
the  capacity  to  thirty  or  more  rounds  is  by  going  to  a  drum  type  magazine 
as  shewn  in  Figure  2-13. 

Actual  magazine  tests  performed  during  the  contract  are  described 
in  Section  LII-B-7.  These  te3t£  indicate  the  complete  feasibility  of  feeding 
cascless  cartridges  at  high  rates  from  a  conventional  magazine  of  the  type 
described  above. 

F.  Trigger  Mechanism 

The  trigger  mechanism  design  is  shown  on  page  2.17.  The  mechanism 
is  housed  in  a  molded  plastic  case  which  could  be  fitted  with  rubber  seals  to 
render  it  air  tight.  The  module  design  of  the  trigger  mechanism  makes  replace¬ 
ment  of  the  unit  a  simple  operation.  A  projecting  lug  on  the  stock  picks  up 
a  groove  at  the  lower  left  corner  of  the  trigger  mechanism  about  which  it  is 
pivoted  into  place.  The  sear  pin  is  then  inserted  through  the  receiver  to  lock 
the  unit  in  place. 

The  operation  of  the  trigger  mechanism  is  as  follows  (Refer  to  the 
drawing).  With  the  Mode  Selector  in  the  position  shewn,  the  mechanism  is  set 
for  full  automatic  fire.  The  Secondary  Sear  is  cammed  dewn  so  that  the  Trigger 
operates  the  Primary  Sear  only,  and  the  weapon  fires  as  long  as  the  Trigger  is 
pulled.  A  ninety  degree  rotation  of  the  Mode  Selector  will  disengage  the 
Secondary  Sear  and  place  the  mechanism  in  the  semiautomatic  position.  Now 
when  the  trigger  is  pulled,  the  Primary  Sear  is  lowered  and  the  Firing  Pin 
is  released  to  fire  the  weapon  as  before;  hwever,  at  the  same  time,  the 


MAGAZINE 


20  ROUND  -  2  ROUS 


30  ROUND  -  2  ROWS 


Secondary  Sear  is  allowed  to  rotate  up,  by  virtue  of  the  Trigger  Link,  and 
retain  tlte  Firing  Pin  after  one  cycle  until  the  Trigger  is  released.  Releasing 
the  Trigger  causes  an  interchange  ol  stars  and  resets  the  mechanism.  The  Safety 
is  off  as  sluvn  in  the  diagram.  Clockwise  rotation  moves  the  Safety  into  a 
position  beneath  the  Primary  Sear  providing  a  positive  block  to  prevent  in¬ 
advertent  firing.  With  the  Saiety  on,  the  projecting  arm  blocks  the  finger 
area  of  the  trigger  providing  an  easily  identi liable  means  of  determining 
that  the  gun  is  in  the  safe  position. 

The  trigger  mechanism  on  the  actual  test  fixture  was  made  from 
existing  parts  and  is  capable  of  full  automatic  operation  only. 

C.  Stock,  Sights,  and  Ancillary  Equipment 

1.  Stock 

The  weapon  concept  makes  use  of  the  one-piece  injection 
molded  stock  and  foregrip  design  of  the  type  used  on  the  SPIV  Weapon.  The 
stock  and  foregrip  configuration  is  sluvn  on  the  assembly  drawing  on  page  2,02 
The  material  is  40V,  glass-filled  Nylon.  The  stock  also  serves  as  a  receiver 
cover,  barrel  jacket,  spare  parts  kit  retainer,  and  rear  sight  housing.  The 
photograph  on  Page  2.19  shows  the  SPIW  stock  as  it  comes  from  the  molder. 

2.  Sights 

The  rear  sight  design  is  again,  in  concept,  very  similar 
to  the  SPIW  sight.  The  adjustment  allowed  for  is  a  total  of  3/8  inch  (13  mils) 
movement  of  the  aperature  for  elevation  and  1/4  inch  (10  mils)  movement  azimuth 
correction.  The  drawing  on  page  2.20  shows  this  concept.  The  housing  is 
molded  as  part  of  the  stock,  as  shown,  with  detents  and  graduations  included 
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REAR  SIGHT  DESIGN 
FIGURE  2-16 


in  the  mold.  The  lc*r  profile  of  Lite  rear  sight  allows  the  front  sight  post 
to  be  kept  at  a  minimum  height  which  is  advantageous  with  regard  to  handling 
characteristics  and  quick  fire  Sighting  (pointing).  The  adjustment  is 
accomplished  by  the  use  of  two  detented  levers  -  one  on  each  side  of  the 
sight.  They  can  be  moved  up  or  down,  by  hand,  through  one  mil  detented 
clicks  that  arc  easily  distinguishable.  There  is  a  zero  indicator  and 
clearly  marked  adjustment  direction.  The  operation  is  as  follows.  The 
sight  bar  is  spring  loaded  against  two  cams.  The  Rear  Sight  Cam  moves 
axially  along  the  Sight  Shaft  when  the  Azimuth  Indicator  Arm  is  rotated. 

The  cam  in  turn  moveB  the  Sight  Bar  to  provide  windage  adjustment.  The 
Elevation  Indicator  Arm  is  connected  directly  to  the  Sight  Shaft  and,  when 
rotated,  cams  the  Sight  Bar  in  the  vertical  direction  for  elevation  control. 

The  Sight  Nut  is  staked  in  place  during  assembly. 

3.  Bipod 

The  bipod  mount  has  been  located  just  forward  of  the  maga¬ 
zine.  The  heat  sink  actually  serves  as  the  mounting  bracket.  The  rearward 
location  of  the  bipod  has  been  chosen  to  eliminate  the  deterioration  in 
accuracy,  caused  by  the  deflection  of  the  barrel,  that  sometimes  occurs  when 
pressure  is  exerted  on  the  butt  stock  of  a  rifle  with  the  bipod  mounted  near 
the  muzzle  end.  This  location  of  the  mounting  bracket  provides  a  solid  founda¬ 
tion  for  the  bipod  and  greatly  reduces  the  magnitude  of  the  bending  moment  that 
can  be  applied  to  the  barrel.  The  proposed  concept  is  shewn  in  Figure  2-17. 
Installation  is  accomplished  by  simply  sliding  the  projecting  tab  of  the  bipod 
into  the  detented  slot  in  the  heat  sink.  A  means  for  folding  the  bipod  into 
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a  stowed  position  along  the  side  of  the  gun  as  well  as  adjustment  of  the  leg 
length  is  also  provided. 

4.  Bayonet,  Sling,  and  Cleaning  Kit 

The  muzzle  device  is  designed  to  accept  the  standard  M-7 
bayonet  now  in  use  by  the  Government.  The  sling  is  a  conventional  type  with 
the  swivel  mount  locations  and  method  of  installation  being  standard. 


The  cleaning  and  spare  parts  kit  is  housed  in  the  hollow 
foam  filled  butt  stock  of  t lie  rifle.  The  proposed  design  is  shewn  on  the 
assembly  drawing,  page  2.02.  The  kit  contains  a  cleaning  rod,  patches,  a 
brush,  a  small  oil  container,  and  a  small  compartment  for  spare  parts,  such 
as  replacement  seals  for  the  bolt  and  firing  pin.  The  cleaning  kit  is  in¬ 
stalled  by  inserting  it  through  a  hole  in  the  butt  pad,  pushing  it  in  against 
a  spring  Loaded  sleeve,  rotating  it  90  degrees,  and  allcwing  it  to  snap  into 
a  recessed  lock.  To  remove  it,  the  process  is  reversed. 
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TEST  RESULTS 


A.  Descr  Ipt  ion  of  Test  Program 

Early  in  the  contract  permission  was  granted  for  the  fabrication 
of  an  experimental  test  firing  fixture.  The  purpose  of  this  test  fixture 
was  to  determine  the  feasibility  of  tiie  proposed  caseless  mechanism.  It  was 
hoped  that  information  could  be  obtained  on  weapon  function  and  performance. 

Such  items  as  breech  sealing,  extraction  and  ejection,  barrel  heating  and 
cook-off,  and  automatic  feeding  and  cliambering  of  rounds  were  to  be  investi¬ 
gated.  A  photograph  of  the  assembled  test  fixture  is  shown  in  Figure  2-2 
on  page  2.03.  A  disassembled  view  is  sluwn  in  Figure  3-1. 

During  the  course  of  the  contract,  103  rounds  were  expended  in  firing 
tests.  The  rounds  tested  were  furnished  as  GFE  by  Frankford  Arsenal  (Page  3.03). 
Throughout  the  test  program  an  unusually  long  ignition  delay  was  noted  on 
most  shots.  A  great  deal  of  the  testing  conducted  was  directed  toward  the 
determination  of  the  cause  for  this  delay.  Very  little  testing  was  done  in 
the  areas  of  heat  flow  and  cook-off  level  determination  of  the  weapon  due  to 
the  limited  number  of  rounds  available.  Determination  of  the  ammunition 
cook-off  point  was  made.  Throughout  the  tests  high  speed  movies  were  taken 
of  nearly  every  round.  From  the  movies  information  on  the  breech  seal  effective¬ 
ness,  weapon  cyclic  rate,  feed  mechanism,  and  firing  pin  velocity  was  obtained. 
Also  recorded  for  each  shot  was  the  muzzle  velocity.  A  "Mann"  barrel  was 
fabricated  late  in  the  program  for  the  purpose  of  obtaining  pressure-time 
data.  This  barrel  is  shown  in  Figure  3-3  .  The  following  section  describes 
the  tests  performed  and  summarizes  the  results  of  these  tests. 
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(TAKEN  FROM  FRANK FORD  ARSENAL  DWG  FC14444) 
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B.  Description  of  Test  Results 


The  test  fixture  design  was  based  on  calculations  performed  in 
Appendix  "A".  The  initial  shots  were  successful  in  that  the  mechanism  cycled, 
the  muzzle  velocity  was  satisfactory,  and  no  part  failure  occurred.  Some  of 
the  difficulties  encountered  in  the  early  testing  included  the  following. 

The  bolt  seal  allowed  some  gas  leakage  to  occur,  the  cyclic  rate  was  approxi¬ 
mately  1500  rounds  per  minute  -  twice  the  specified  rate,  a  misfire  rate 
(in  the  early  tests)  of  approximately  507.  was  experienced,  and  the  rounds 
that  fired  showed  an  unusually  long  ignition  delay  as  mentioned  in  Section  A. 
The  results  of  efforts  made  to  correct  these  problems  and  other  tests  con¬ 
ducted  are  described  below. 

1.  Breech  Sealing 

The  bolt  seal  used  in  the  first  model  consisted  of  a  tapered 
obturating  surface  which  mated  with  a  similar  surface  on  the  barrel.  This 
design  is  shown  in  Figure  3-4  ,  page  3.06.  Some  leakage  occurred  with 

this  design,  due  mostly  to  the  fact  that  rearward  deflection  of  the  bolt 
causes  an  increase  in  the  obturator  clearance.  The  tapered  bolt  seal  was 
replaced  with  a  cylindrical  seal  as  shown  in  Figure  2-7  ,  page  2.09  .  This 
new  seal  was  successful  in  eliminating  the  gas  leakage  completely. 

Experiments  with  the  breech  sealing  mechanism  showed  that 
the  metal  obturator  on  the  leading  edge  of  the  firing  pin  was  not  needed  for 
sealing  purposes.  The  long,  thin  expansion  area  between  the  bolt  and  firing 
pin  was  sufficient  to  reduce  the  pressure  to  a  level  capable  of  being  sealed 
by  the  "0"  ring.  It  was  found,  however,  using  this  arrangement  that  noticeable 
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erosion  of  the  firing  pin  did  occur  within  30  rounds.  It  is  therefore  believed 
that  the  obturating  surface  may  be  needed  for  prevention  of  gas  erosion.  Evidence 
of  gas  erosion,  to  a  much  smaller  degree,  was  noted  also  on  the  bolt  obturator 
after  50-60  rounds.  This  is  an  area  that  will  need  further  investigation  in  future 
tests.  In  addition,  it  is  believed  tliat  subsequent  effort  needed  in  the  chamber 
seal  area  should  include  optimization  of  the  design  to  determine  the  simplest 
configuration  tliat  will  do  the  job,  and  reliability  and  durability  testing  to 
increase  part  life. 

2.  Ignition 

The  ignition  difficulties  which  were  discovered  early  and  con¬ 
tinued  throughout  the  testing  received  greater  attention  than  any  of  the  other 
problems.  These  difficulties  can  be  placed  in  three  categories. 

a.  No  ignition  -  primer  does  not  fire. 

b.  Primer  only  -  primer  ignites,  primer  cup  breaks 
up,  but  propellant  does  not  burn. 

c.  Ignition  delay  -  round  ignites  satisfactorily  after 
a  delay  of  varying  length. 

Of  the  total  103  rounds  tested,  41  did  not  fire.  Of  the  41 
that  did  not  fire,  only  9  had  no  primer  ignition;  the  other  32  were  found  to 
have  had  complete  primer  burning  and  primer  cup  breakup  with  no  propellant 
ign  Of  the  62  rounds  that  fired,  all  exhibited  an  ignition  delay 

rang  ircm  2.5  millisec  to  400  millisec  with  the  average  estimated  to  be 
around  60  millisec.  It  should  be  noted  that  these  values  include  the  results 
obtained  from  tests  of  several  firing  pin  tip  configurations,  various  firing 
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pin  velocities  and  energies,  and  varying  chamber  volumes;  some  of  which  displayed 
very  poor  ignition  characteristics.  It  is  believed  that  there  is  a  definite 
relationship  between  the  ignition  delay  and  the  rounds  that  liave  primer,  but  no 
propellant  ignitLon;  this  relationship  being  tliat  when  the  propellant  fails  to 
ignite,  it  is  just  an  extreme  case  of  the  same  condition  that  caused  the  long 
delay. 

In  an  effort  to  eliminate  the  erratic  ignition  delay  and 
reduce  the  misfire  rate,  the  following  items  were  tried. 

a.  Variation  of  firing  pin  mass,  velocity,  protrusion,  and 

tip  configuration. 

b.  Reduction  of  chamber  volume. 

c.  Addition  of  a  hotter  propellant,  namly,  WC  BU  k,  to 
hollow  portion  of  cartridge  ahead  of  the  primer. 

d.  Drying  of  the  ammunition. 

Table  3-1, page  3.09  shows  the  effect  of  firing  pin  arid  chamber 
volume  variation  on  ignition.  A  review  of  the  data  shows  that,  in  general,  the 
misfire  rate  is  improved  by  reducing  the  chamber  volume.  The  chamber  volume 
is  now  at  the  point,  however,  where  it  becomes  somewhat  impractical  to  decrease 
it  any  further.  Increasing  the  firing  pin  velocity  from  6.8  ft/sec  to  10  ft/sec 
also  appears  to  have  reduced  the  number  of  misfires.  Increasing  the  velocity 
any  further  than  this  does  not  seem  to  affect  the  ignition,  however.  The  most 
efficient  firing  pin  tip  appears  to  be  one  with  a  .020  inch  diameter  flat,  60° 
included  angle,  and  .065  to  .070  inch  protrusion. 

The  ignition  delay  that  occurs  on  all  shots  that  fire  is  not 
greatly  effected  by  any  of  the  modifications  made.  Of  the  four  cartridges  that 
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TABLE  3-1  (Coin'd) 


Firing  Pin 
Coni igura t ion 

Firing 

Pin 

Mass 

lbs. 

Kiri ng 
Pin 
Vel. 

ns 

Ign it  ion 

0.8 

y  ■ 

1  -  primer  only 

10.0 

(  -  OK  -  delay  »  12  ms,  8  ms,  25  ms 

5 

1  -  primer  only 

■*  -  OK  -  delay  -  2  10  ms,  91  ms,  2  5  ms,  183 

.33 

10 

■ 

1  -  primer  only 

i  -  OK  -  delay  18  ms,  133  ms 

I 

.076 

25 

h 

1  -  primer  only 

5  -  OK  delay  -  15  ms,  18  ms,  11  ms,  8,3  ms 

.23 

12 

2 

2  -  OK  -  delay  -  13  ms,  85  ms 

■ 

|| 

4  -  OK  -  delay  1  14  ms,  7  ms,  b  ms,  26  ms 

.33 

7.5 

8 

2  -  printer  only 

6  -  OK  -  delay  »  53  ms,  3  ms,  8  ms 

ms 
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TABLE  3-i  (Cont'd) 


were  loaded  with  an  extra  charge  of  WC  Blank;  one  had  no  primer  fire,  one  had 
the  primer  fire  only,  and  the  other  two  fired  with  an  average  delay  of  10 
millisec.  This  delay  is  well  below  the  overall  average,  however,  the  small 
sample  makes  Cite  results  somewhat  inconclusive. 

Drying  the  ammunition  in  an  oven  at  122°F  for  12  hours  pro¬ 
duced  no  noticeable  improvement  in  ignition. 

Based  on  the  above  test  results,  it  is  concluded  that  the 
ignition  problem  lies  primarily  in  the  fact  that  the  small  size  of  the  primer 
in  the  C.Fli  ammunition  makes  it  extremely  sensitive  to  small  chamber  volume 
variations;  and  further,  thaL  in  order  to  obtain  reliable  ignition,  the  chamber 
volume  must  be  controlled  to  a  point  that  is  not  practical  in  an  automatic 
weapon  of  this  type. 

3.  Rate  of  Fire 

An  actual  time  vs.  Firing  Pin  Displacement  curve  for  shots 
no.  47,  48,  and  49  is  included  on  page  3.13.  This  was  a  three  round  burst 
fired  from  a  magazine.  A  high  speed  movie  of  this  bur..t  has  been  previously 
supplied  to  Rock  Island  and  Frankford  Arsenal.  The  cyclic  rate  of  the  weapon 
on  this  series  of  shots  is  approximately  1900  rds/min.  This  rate  does  not 
include  the  ignition  delay.  The  slide  has  an  add«d  weight  of  .1  lb.  If  this 
weight  is  increased  to  .2  lb.  the  cyclic  rate  is  decreased  to  less  than 
1500  rds/min.  Removal  of  the  weight  altogether  will  increase  the  rate  to 
over  2600  rds/min.  Further  adjustment  of  the  rate  can  be  accomplished  by 
several  means.  Variation  of  firing  pin  mass,  tip  diameter,  and  stroke  will 
regulate  the  recoil  velocity  of  the  firing  pin  and  subsequently  the  cyclic  rate. 
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Other  methods  include  the  use  of  an  energy  absorbing  buffer,  or  a  mechanical 

low  rate  mechanism,  and  the  variation  of  the  length  of  the  bolt  cam  tracks, 

which  affect  the  bolt  dwell  time  and  determine  the  unlocking  pressure.  The 

/ 

contract  specifies  a  cyclic  rate  of  7ci0  rounds  per  minute.  By  using  one  or 
more  of  the  above-mentioned  means,  this  rate  can  be  attained.  If  a  high  rate 
burst  capability  should  be  desired,  this  can  also  be  accomplished. 

4.  Extraction  and  Ejection 

Tlie  compressed  air  extractor  is  shown  in  Figure  2-10, page  2.12. 
A  working  model  was  fabricated  for  use  on  the  test  fixture.  A  bolt  operated 
ejector  was  also  manufactured  and  installed  on  the  test  fixture.  Tests  con¬ 
ducted  with  this  system  have  shown  that  the  extractor-ejector  combination  is 
capable  of  clearing  loose  unfired  cartridges  from  the  weapon;  however,  there 
is  not  enough  force  available  to  extract  a  tightly  jammed  round.  In  order 
to  improve  the  effectiveness  of  this  system,  a  mechanism  has  been  layed  out 
which  can  be  used  with  the  existing  design  and  may  provide  the  force  needed 
to  extract  tight  rounds.  This  device  is  a  cam  for  the  nose  of  the  round  that 
offers  an  initial  mechanical  boost  while  it  also  blocks  the  bore  ahead  of  the 
air  inlet  so  that  less  air  pressure  is  lost  in  the  muzzle  direction. 

5.  Erosion 

The  effects  of  gas  erosion  on  the  test  fixture  were  rr.oet 
noticeable  on  the  firing  pin  tip.  This  is  discussed  in  Section  1.  above. 

Since  only  62  rounds  were  actually  fired,  and  none  of  these  were  in  sustained 
bursts,  it  would  be  expected  that  not  too  much  erosion  would  occur.  No 
noticeable  barrel  or  chamber  erosion  was  in  evidence.  It  is  believed  that 


« 


3.14 


this  subject  is  one  that  will  require  extensive  investigation  on  future 
programs . 

6.  Cook-Off 

A  theoretical  analysis  of  the  barrel  heating  and  cook-off 
problems  is  presented  in  Appendix  "A",  Section  B.  No  actual  firing  tests 
were  conducted  to  substantiate  this  data,  due  mainly  to  the  small  number  of 
rounds  and  the  limited  time  available. 

The  test  fixture  was  fitted  with  a  .6  lb.  aluminum  heat 
sink  and  a  thin  walled  187.  Nickel  Maraging  Steel  chamber  which  had  been 
established  as  the  most  efficient  means  of  deterring  cook-off  according  to 
the  theoretical  analysis.  Firing  tests  showed  that  this  arrangement  was 
structurally  sound. 

The  cook-off  temperature  of  the  5.56mm  Frankford  Arsenal 
caseless  ammunition  was  found  to  be  between  300°F  and  325°F.  It  was  determined 
also  that  the  primer  cooks  off  at  a  temperature  equal  to  or  above  that  of  the 
propellant.  To  determine  the  cook-off  temperature,  several  rounds  were 
separated  into  two  pieces  -  one  containing  the  primer  and  the  other  with  no 
primer  material.  The  test  rounds  were  placed  in  a  preheated  oven  and  left 
there  for  30  minutes  or  until  they  ignited.  The  chart  on  page  3.16  shows  the 
ammunition  cook-off  test  results. 

7.  Automatic  Feed 

A  ten  round  single  row  box  type  magazine  was  fabricated  in 
order  that  the  feed  system  could  be  tested.  The  photograph  on  page  3.17 
shows  this  magazine.  A  total  of  22  rounds  in  three-round  bursts  were  fed 
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Table  3-2  Cook-Off  Temperature  Determination 


Test 

No. 

Portion  of 
Round  Tested 

"  —  ■«<  - 

Oven 
Temp . 

°F 

Results 

1 

Propellant  only 

250 

Did  not  ignite  in  30  min. 

2 

Propellant  only 

300 

Did  not  ignite  in  30  min. 

3 

Propellant  only 

350 

Ignited  after  5  min.  11  sec. 

4 

Propellant  only 

350 

Ignited  after  3  min.  44  sec. 

5 

Propellant  only 

325 

Ignited  in  <  30  min  -  time 
not  recorded 

6 

Propellant  only 

325 

Ignited  after  9  min.  15  sec. 

7 

Propellant  only 

300 

Did  not  ignite  in  30  min. 

8 

Propellant  & 
primer 

300 

Did  not  ignite  in  30  min. 

9 

Propellant  & 
primer 

325 

Ignited  after  6  min.  56  sec. 

from  Che  magazine  in  actual  tests  and  at  weapon  cyclic  rates  varying  from 
1500  to  2600  rounds  per  minute.  One  damaged  round  occurred  on  a  short  cycle 
that  caused  a  partial  feed.  These  tests  have  indicated  that  the  ammunition  is 
sufficiently  rugged  to  withstand  the  loads  encountered  in  stripping  and  chamber¬ 
ing  at  high  rates  of  fire,  and  that  the  mechanism  is  capable  of  delivering 
the  round  from  the  magazine  to  the  chamber. 

C.  Firing  Records 

This  section  presents  a  complete  list  of  ail  shots  fired  from  the 
AAI  Caseless  Test  Fixture.  All  recorded  data  from  each  shot  as  well  as  observed 
results  and  modifications  performed  are  included. 
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Table  3-4  Mann  Barrel  Test  Results 


Unit  ion 

i 

1 

- - 1 

peak  . 

1  Chamber 

I  Pressure 
ps  i 

| - 

Mu  /.  t.  1  e 

Velocity 
ft  /’sec 

Comment  s 

Primer  only  | 

r  i 

1 

1 

1 

1 

OK  -  J  1.6  ms 
delay 

l 

iJ/.U  1 

* 

1 

l!‘)r>9 

1 

Some  leakage  -  "O' 
i  blown  off 

1 

OK  -  119  ms  j 
d  e  1  ay 

i  i 

'  ( 

l 

2')  U/ 

i  Some  leakage  -  "O' 

!  blown  off 
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HUMAN  FACTORS  ENG  INFER  INC 


Human  Engineering  analyses  were  performed  upon  the  test  fixture  deBign 
to  insure  that  appropriate  human  engineering  features  will  be  incorporated  in 
the  developed  weapon  configuration.  The  weapon  is  capable  of  being  fired  com¬ 
fortably  from  either  shoulder.  As  shown  in  the  photographs  on  pages  4.02  and  4.03, 
and  based  on  tests  performed  with  the  mock-up,  no  problems  are  encountered  when 
firing  trotn  the  prone  or  standing  positions. 

Anticipated  Impulse  noise  and  peak  sound  pressure  level  measurements 
were  not  taken  due  to  the  devotion  of  time  and  funds  to  some  of  the  more 
immediate  problems  associated  with  caseless  ammunition. 
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V.  CONCLUSIONS 

The  recently  completed  program  as  described  In  the  body  of  this  report, 
as  the  tirst  step  in  the  development  ol  an  automatic  rifle  capable  of  firing 
3. 3bmm  caseless  cartridges,  has  produced  the  following  accomplishments. 

1.  A  detailed  design  has  been  prepared  for  a  complete  caselcss 
weapon  based  on  engineering  analysis  and  actual  test  data. 

2.  Firing  tests  'nave  proven  the  firing  pin  actuated  mechanism  to  be 
a  simple  and  effective  means  ol  tiring  caselcss  ammunition. 

3.  Effective  breech  seals  have  been  fabricated  and  tested  under  auto¬ 
matic  fire  conditions. 

*♦.  Complete  weapon  cycles  and  good  projectile  muzzle  velocity  have 
been  conslstantly  achieved  with  the  test  fixture. 

3.  Feeding  and  chambering  of  caselcss  cartridges  from  a  magazine 
under  high  rate  automatic  lire  condition  lias  been  accomplished  with  no  problems 
encountered  in  gun  functioning  or  cartridge  strength. 

The  feasibility  ot  the  caseless  rifle  concept  has  definitely  been 
proven.  Many  problems  still  remain;  some  of  these  have  shown  up  as  a  result 
of  testing  done  on  the  present  program.  A  partial  list  of  items  that  should 
be  included  in  future  follow-on  programs  is  presented  below. 

1.  Establishment  and  improvement  of  barrel  and  bolt  face  heat  transfer 
characteristics  in  relation  to  the  associated  cook-off  problems. 

2.  Development  and  testing  of  a  reliable  extraction  and  ejection 
mechanism  for  removal  of  unfired  cartridges. 
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3.  Investigation  of  erosion  problems  that  may  arise  In  the  chamber 
and  breech  seaLing  areas,  especially  when  subjected  to  rapid  fire  tests. 

4.  Establishment  and  improvement  of  the  reliability  and  durability 
level  of  all  components  with  special  emphasis  on  the  breech  seals,  bolt  face, 
firing  pin,  and  chamber  since  these  are  the  areas  most  likely  to  be  affected 
by  elevated  temperatures  and  gas  erosion. 

3.  Reduction  of  the  cyclic  rate  of  fire  of  the  mechanism  either  by 
alteration  of  firing  pin  mass,  stroke,  and  diameter;  or  by  use  of  a  low 

N 

rate  wheel.  The  latter  is  more  desirable  if  a  controlled  burst  mode  of  fire 
is  to  be  considered. 

One  other  area  that  Is  possibly  in  need  of  additional  investigation 
is  tliat  of  the  cartridge  ignition  system.  It  is  believed  that  the  addition 
of  an  ignition  booster  or  an  increase  in  the  size  of  the  primer  of  the  present 
5.56r.in  Frankford  Arsenal  caseless  cartridge  would  improve  the  reliability  of 
ignition  of  the  system. 
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APPENDIX  "A" 
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A.  Interior  Ballistics 

Results  from  the  Multiple  Charge  Interior  Ballistic  Computer 
Program  developed  at  AAI  shoved  that  a  28  grain  charge  of  IMR4895  was  necessary 
to  obtain  a  velocity  of  3322  ft/sec  in  a  20  inch  barrel. 

A  copy  of  the  computer  input  data  and  results  are  included  in 
this  section.  See  Table  A-l. 

Also  included  arc  the  results  of  the  computer  run  lor  a  standard 
round  modified  by  adding  .8  grains  of  WC  Blank  propellant.  See  Table  A-2. 

Figure  A-l  is  a  theoretical  comparison  of  the  standard  and 
modified  round.  Figure  A-2  shows  the  experimental  results  of  the  two  configura¬ 
tions  fired  at  Frankford  Arsenal.  The  actual  and  theoretical  pressures  differed 
by  no  more  titan  67.  The  velocities  for  tite  standard  round  differed  by  57.. 
Velocities  for  the  modified  round  were  not  measured. 
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TABLE  A-L 


AU*f.*6  MM  NUMRER  OF  CMAROSS 


CONTRACT  CASElEIS  AMMO 


table  or  f  versus  z 

IMR  <899 

0 . OOOOOOOOO 

X  .  000003000 

G. xoooooooo 

0.923000300 

0 . 200000000 

0 .6  33000  3  00 

0 . SOOHOOOOO 

0  .  7*8000000 

0. AOOOOOOOO 

0.69*000000 

0 . 900000000 

Q  .  936000030 

0 . AOOOOOOOO 

0  .  <9*0000  00 

0. 700000000 

0 . 3*  70003-00 

0 . AOOOOOOOO 

0 .236000300 

0 . 900000000 

0.120000003 

L. ooooooooo 

)  .0000033  00 

CHAMBER  VOl'JMF  .  VO  * 

PROJtCTItS  BASE  ARE*  .  A  • 

PROJECTILE  VELOCITY  .  Ve  • 

RESISTANCE  FUNCTION  ...  A.K1«M?.<  . 

*1  • 
<}  • 

Ratio  Or  SPECIFIC  meats  .  QaMm*  , 

PROJECTILE  mass  .  M  . 

STOP  AT  PROJECTILE  TRAVEL  .  *6*0  • 

INITIAL  chamber  PRESSURE  .  p  • 

Exponent  of  init  ChmBr  press  .  *#• 

CHAROE  no.  1 

PROPELLANT  impetus  .  CF  » 

INITIAL  charge  WEIGHT  .  C  • 

INITIAL  temperature  .  T  ■ 

PROPELLANT  DENSITY  .  0«LTA  ■ 

burning  Rate  cofff/web  size  ..  seta/o  ■ 

PHASE  l  TIME  INCREMENT  .  D T x  ■ 

PHASE.  2  TIME  INCREMENT  .  DT2  • 


0.097700000  (CU.lN.) 
0.039300000  (SO. IN.) 
0.000000000  (FT. /SEC) 

0 .000600000 
0 . 000600000 
1 . 2*0600600 
0.0002*4000  *  SLUGS ) 

?  9 . 999999999  (IN) 
1000.000000000  (PSI) 

1 . ooooooooo 


IMR  *893 

379999 . 999990000  (FT) 

0.00*600000  (LiS) 
3i03.”’**"o0  (OEO  R) 

0.080000000  (LBS/Cu. In. >  ' 
0.037600000  ( IN/SFC/PSl/l*) 

0.000020000  (SEC) 
0.000020000  (SEC) 
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TABLE  A-t  (Coin  ’d) 


?  |  Nt 

<  :„1C! '  * 

T9»»M|7  of 

r  0d« 

CSK  > 

( !  ) 

irT'SfCl 

1  1  *. ) 

CfG  «' 

» irnir  t  |  nvt 

0 . 118  3*  Ji>0i 

1  10.  1 1  *  ' 

*  t  '  *  r 

or  4.0000 

ft  .  ft  ft  * 

o.ooio?oiO" 

4  * 0 6 . *8*0 

7.7*56 

f.vjn 

9104.0090 

0  .  ft  5  *,  V 

o .  10904 ion  * 

6  9  V  si  ’ 7 

■9.974' 

» . " :  *  j 

'101 . 8773 

0  .  -n  *  n 

O.9ii9fl*0fCf 

n  1  0 

1* . 0*94 

fi  .  *3 1  *  v 

4367. J?J6 

n  .  r  «  •  j 

0.1  IjI.H  !  ' 

1  0  3.  7  .  "  4  1  4 

*  )  !  *  4  7 

* .  1 

4-  '6 .  J4  >4 

n  .  0  ^  4 

0.0991"  n  "  0  •' 

: ' 4 .  ’  7 1  s 

'?47. 1644 

0  .  *  1 

8.30fll?oojo 

7# 4  '0  .  •* * 4 

:  •  7 .  ’*3* 

0 . 1 1  ’ 

4  0  1  •  .  /  3  1  1 

0  .  *1  >  ■»  *5 

0 . 9 1)  0  1  «  0  o  1  " 

36486. *>412 

? 4 : .  i » :  9 

* ,  \  j  0  ^ 

4»7J  *  >73 

.  a  ?  •*  7 

n .  ouo:»  i-'0o 

44Jj*  .*- '  '7 

341.96:6 

A  t  )  7  «  -4 

4919.107? 

f) . : :  *,  4 

0  .  0  0  9 1  (  0  0  3  0 

9  0  *  4  1 ,  6  8  '  J 

4*3.9915 

3  .  J  V*  V 

4199  .  6  .747 

n . ? 

o .  o  i  o » *  o  > :  * 

4  4  9  9  4  *917 

4-7  <5*  4 

*  .  **  7  *  5 

4’*6.4ev 

n  .  «  9 ' 

0 . 00827113* 

4 7? ’6.  79;  > 

’64  .  4?  ’  5 

« .  ’796 

4  ’n  .  0  3*  7 

0 . y  iv: 

o .  1 4  "/*)<•; " 

o’4**.  <Vi< 

1  •  ? .  :  * :  9 

-  .  it'  4 

44*1 .9410 

1 . j*  * • 

o.o  *26 one * 

*6  0 ! 1  .  06* 

10*7 .  1*49 

1 . ”  1 

4  4 ’ 0, 94?’ 

*  .  p  u 

O  .  0  I0261C0* 

9  4  7  "  9  .  •  *;i 

: 7  74 . 4  934 

1  .  *>6*1 

‘401 . 839? 

3 .  *  > A4 

O.3O0J8H3* 

*1*60  .  4  ’  1  • 

1 3  ’  4  .  *93. 

1  .  9  J  19 

44  34 , 9??3 

n .  «<-i  1 

0.00337103’ 

4«**1  .  '609 

IV  4  .  ’"S’ 

7 .  3149 

43*!. 4’3? 

0  .  4«>  1  A 

0 . 0001*0000 

*9*79 . *  ”  * 

1  6  *  1  .  4  9  0  * 

7 . ’/’7 

4  3: 3 . :  *6 ) 

3  .  4<J**S 

0  .  "  ’  0 1  o  J "  0  ' 

4  7  1  *  .. 4  *  * 

1  ”  4  5  7  6  « 

3 , ■ 4** 

4?66 .  ’ *  3  ’ 

r- .  ^  r  v 

0.0003*0030 

0  9  9;*.  7 " *  * 

16’3.9:'- 

3.43*7 

4  ? :  3 . 4  *  4  4 

n  .  <  0 

0.0'  0  *  0  0  c  u  t 

J  ' 76  1  .  ’  6  4  9 

7  ■  ■  3  .  '9  ’  ■> 

4  .  1  3  •  3 

4 : 4  ? . 4 1 : « 

c 

0  .  0  1  0  4  7  )  0  3  0 

3 4  *  1  * ,  « 7 4 : 

71-4.  3  9 ; 4 

4 , 4*01 

4 1  * 4 . 4  4 4  ? 

n  .  A/r,0 

o.oo”44o:o" 

3  7  4  *  9  .  6  *4 

77  7.  7*3: 

4  .  1  •  9  7 

4  *  4  ? .  4 1 : 0 

r.Aif 

0.  IlMMI'j" 

3  3  *  ■> «  .  4  4  ;  * 

7  7  9  1  4  ’  ’  • 

4,  *V 

4  3 1 0 .  4  ?*« 

n , 

o  .  0  0  "  4  »  0  ’  0  " 

7  6  6  si  9  .  •  ;  '  7 

.’  J  ’  4  .  J  »  ?  * 

»  .  3  3  ‘  3 

’  9  ’  4  .  3  1  •  7 

n .  ^ 

o .  i i  o o * o .  or 

76**7. 79*9 

74*4 .  ’197 

4.97«» 

'976.9,1? 

0 . ' :  * « 

0  .  or  09700  3  0 

79  7’*  .  9  Mb 

74  <8 . 4’  3  1 

7  ,  0  4  4  7 

7899. 644; 

0. 

o.o  1  0  0  4  0  0  0  o 

7  3  *  3  l  .  7  '  3 

7994 . ?79: 

8 . : 7*6 

7§4>.  1 ?  6  7 

0 . 4 

0.0  0»*3i'io 

?74  ’0 .  • 9»‘ 

}■>'  3  .  4«  31 

4 . *7  ’6 

763; .4*03 

T 

0.0O8>#3000 

7173?.  *441 

J • 74 .  >7  >  • 

9  .  4  8  4  4 

'  79  7  .  4  34  1 

0  .  **  «.  « 

0.31060113" 

?1'94  ,  ij’) 

7  ’  «  4  .  7  4  1  • 

1 6  , :  4  "  ’ 

'744  n 4 • 

n  . 

0 . 00*»?3  '  3  0 

1 9*93 . *  M  ’ 

7  4 <  9. 948b 

10  .  *4*s 

3734.3947 

o.*c  ^ 

0 . 000641  0  0  " 

1  9  "  9  3  .  n  4  1  4 

74'?.  1??’ 

11  . 4492 

3767.4636 

r .  * :  •>  k 

0 .000660 1 0  5 

1 7?;9 . *  1  ’* 

7941 .#374 

l». ?4:7 

36*3 . 3! 37 

0 .0.06*0030 

1  6  3  8  9  .  9  3  ’  > 

7949 . ?*7* 

17.9*43 

3  6  9  4  .  Jr  44 

0 .  •  3  • 

o .  o  j  o 1  *  9 1 :  ■ 

tool7. • O’  ’ 

11 <4  .  3  34  7 

1  *  .  ’  1  *  ’ 

'  4  r  9 . 4  4  <  * 

r  ,444*. 

o.ooo'ooooo 

1  4  9  J  9  .  4  4  ’  J 

51  ”  .  3174 

: 4  4  4  •  ’ 

'6*9 .  79)9 

ft . e 

O.or,o/4OOC" 

l  4  7  9  1  .  9  4  3  6 

3.  8.4?” 

1 4 . 7 1 4 ; 

'4«2 . 9*4? 

r .  *♦  6*5 

0. OJO’BOOO" 

l 3*6* .189: 

31-7. 474* 

1  4  .  >  »  ’  ' 

34*1.1419 

ft .  •  /  7  e 

0,91137*0030 

1 J- 7’. "9*8 

3:  79.3*33 

14.7497 

3439.9*19 

r.  ■  f  * « 

0 . 3006000  JO 

1 7*0? . *6*4 

37  .  »*3l 

17.479: 

'4  1  9,6  34  1 

ft  .  H  V,3 

0 .000*0010’ 

1  7  •  1 7  .  *  7  *  9 

37*  4 . 41 4  > 

'40  0  .0  719 

r  ,9n^ 

O.O’OMIOOO 

1 1*93. • 093 

3799 . 7#4 ’ 

:  9 . : : '  7 

'4*1.11” 

n  .  g  1 1  4 

0.0036*1001 

•.  1  777  .  744  7 

35*1 .443: 

1». 91*’ 

74*7 . 8?94 

ft . 9\ ?n 

0  .  3009*  1  3  00 

10*17.  J 4  9  7 

35*7  .  7*34 

7  0.  ’  2  ’ 4 

144  4  .  4  3  J4 

ft  .  9^9 

0 . "009  0  3130 

104?3.*11* 

3397.494’ 

71 . 9  4  9  2 

.'479. 8  0  3* 

C.9J?0 

0.0'09?3,13-' 

1 0*9? . 48’  ’ 

34 *:  .  ?< 79 

7?  .  3  69  ’ 

740  ?  .  ”98 

0 . 9  S<?.i 

0. 108941101 

9?:->.*3"9 

34  4  «  .  8”1 

7*.  ’3'* 

' 791 . 3740 

n  .  94  v 

0 . 93*960330 

917* .  77*; 

34*5.6?  18 

7  4  .  1  3  «  t 

'J’J . 41 74 

ft .949* 

0 . 0109*3001 

9 " *9 .il’S 

34  1  -  44  39 

74 . *81  4 

3397.0199 

ft  .  0*46 

0.0013*0000 

8779,089b 

19 ,0  ,  4  1  9  ? 

79 .  ’  Jr>9 

3J41  ,  1  ”1 

n . 9**« 

0. 301070000 

8*00 . 35*7 

34*3 . 4*7 7 

24 . 5*41 

7379.647] 

0 .9648 

0. 001040101 

8  7  3*. : a  9  e 

3* ’ 3 . 9* 74 

27, 44*9 

3  3 1  0  .  6  4  4  0 

0 . 969ft 

0 .001060000 

7989 . 4i’l 

3994.6711 

2»  .  U?9 

3796 .0498 

0.9743 

0. 0010*3003 

779*. 7379 

34  •  8  ,  ft  *  9  ’ 

29. 18’4 

7781.8917 

ft . 9  74ft 

0. 0011900 'JO 

7*7* . 49*: 

3  4  ••  i .  0 : 7  9 

30.1997 

!?*8. 0719 

0.9ft<3 

0 . 01109*"!* 

7645,07:* 

34  <8 . 4*2? 

jo . i  :io 

37*8.974? 

0 . 9ft  '3 

i>td  or  hi 


A, 04 


CUnpoxattoH 


TABLE  A-2 


PUN 


NdHPfcP  or  CMtPGES  ? 


CONTRACT  CaSELISS  AMMO 


taBlE  Or  f  vtoSuS  l 


O.IOOOOnppo 

o . ioooooopp 

0.20000O01) 
0 . 3000000011 
0  .400000000 
0 . 500000000 
0.60 000  0  COO 
0  .  70000000 1) 
0 .80000000  ' 
0 .900000001' 
1,0000  0 OO0  0 


1  NO  4636 
WC  914*6 

1.0010000° 0 

0 .923000000 

i .esioooo'o 

0.748*000*1 
0.654000000 
0 .566000000 
0  .  4  6  4  0  0  o  0  o  0 
0  .  3  4  7  o  0  0  0  1 0 
0,236*100** 
0.1200000*0 
0  .  oOOOOOOoo 


1.010*00000 
0.995001300 
0 . 90030000 0 
0.90300  100  ) 
0 . 9790003*3 
0 . 973*00000 
0 . 968001001 
0 . 963001000 
0.94*611311 
0,760331011 
0  . 111P013H 


CH4M9EP  VOltlHp  .  VL  * 

PPOJECTlLfc  8A6fc  *pE*  .  *  * 

P«OJ6CMi.r  VfclOClTt  .  wfc  * 

RESISTANCE  EJECTION  ...  R«Kl«*?o  . 

*1  * 
*2  • 

flt  T I  0  or  specif 1C  meats  .  Q*M«i  , 

PROJECTILE  mass  . -  * . .  *  * 

STOP  AT  PROJECTILE  travel  .  *EnD  s 

INITIAL  CMAMdFP  PRESSURE  .  0  • 

Exponent  oe  uit  cmmBr  press  .  *°* 


0.0977000*1  (CU.IN.) 
0.0393003*0  (50. IN.) 
0.0PC1010O0  (ET. /SEC ) 

0  .  3000  03000 
0.030000000 

1  .  ? 4 0 000003 

0.300?4*000  (SLUGS) 
?9. 999999999  (IN) 

1 000 . ooooooinO  (PSI ) 

1. mooo  oono 


CHARGE  NO,  I 


PROPELLANT  IMPETUS  . 

INITIAL  OARGE  WEIGHT  . .  ,  . 

INITIAL  TEMPfcRA  T  UPc  . . 

PROPELLANT  DENSITY  . 

BURNING  RaT£  COfEE/WEP  SIZE  •• 


.  .  .  CE 
.  .  .  .  C 
.  .  .  .  T 
delta 
t<6  ta/D 


■ 

■ 


I M  fi  4896 

“C  Blank 
379999 .9999900*0 
0  *040003*1 
5103- 9999»9<00 
0.0600000*0 
0.0. 3  70000*0 


( r  t  > 

(LP5) 

(DEG  P) 

(LBS/CU. IN.  ) 

(  IN/SEC/PSl/lN) 


CHARGE  NO.  ? 


P»OPELL*NT  IMPETUS  . . . • 

Initial  Charge  height  . 

INITIAL  TEMPERATURE  . . . 

PROPELLANT  DENSITY  .... 

Burning  rate  C0ErE/wEP 


S  I  76 


. . .  CF  » 

. . . .  c  * 

T  « 

delta  • 
BETA/D  • 


phase  1  TIRE  INCREMENT 
PHASE  2  T | HE  INCREMENT 


DTI  • 
PT  2  ■ 


314909.9999900*0  (ET) 

0.000115000  (LBS) 

5099 • 099999900  (DEG  R) 

0.060000000  (LBS/CU. In.) 

0  .1)96400000  ( lN/SfC/PSl/ IN) 

o. 000020000  (SEC) 
0.000*20000  (SEC) 


A. 05 


TABLE  A-2  (Cunt fd) 


t  m 

o: !  f  ♦ 

*>*»K 

Hi 

r  o«» 

t  tic* 

i  •»  r » 

i  •  f  »#: 

•  Ini 

<;»b  •  i 

ruftCMOil 

0  .  808003001 

I'M.  MO* 

o.:*9 

9  .  1C*  3 

•  l ft  4  0-00 

O  .  9  19  0 

A  .  4  9  ft  0 

8  .  909370390 

9  ?  4  >  .  ft  «  »  3 

/  747 

*.'•410 

ft  1  9  7  7  Jfl 

9  .  Oult 

o . A1 4  1 

0.00«04AtfOA 

*1  1  V  7**l 

»  n  m 

4  .  M'* 

09**  •  17 

o .  ooft* 

A  .  Oflft 

0  .  103043001 

11411. ***• 

•  7  n  7 . 

ft  .  M#t 

ft  0  •  4  ,M1 

0  ft  1  I* 

9 .77*0 

1  .  00938  0  30  A 

7  4  9 .J  A  >  0  ’  * 

44  3»*. 

*  .  *  *•  / 

ftftftl  1  J  w 

8  .  A7’  1 

A  .  4*9* 

A.  e DM  03090 

3  7  >4  > .  f m# 

14/  441  * 

*  .  3  •  4  1 

ftOU  *M7 

A  9404 

A  .  77** 

o .  ooii>:ooft 

4# 4  1  4  ?g  t  7 

7*4  *  0  1  ,• 

8.1*8* 

4fft#  4  >17 

0 . 9*7* 

A  .  *04* 

0.  109  1  4(5001 

*'  ’4’.70ll 

)•’  ’•/* 

•.>’?* 

4**7  01J9 

0  .  1  ?04 

9.9*7* 

ft.  *091*9090 

4  3  •  4  3  .  *  *  4  * 

>M  2*5. 

*  .  4|>* 

••01  »'ftft 

0  .  *  ’00 

A  .  •  •  7  7 

0 . 0011*0009 

•  •’41 . l«4j 

1  M  .  2  1  4  1 

ft  .  lift  » 

4»7J  IftM 

A  . 

A  .  •  7  1 4 

0  .  9097M09A 

•ft*;/.  1 **J 

•  4  2\ |4 

*  .  M*  * 

•  *3p  7M" 

9  ?••* 

9  ,  *#04 

0  .  90  8  779  0  30 

*48/7 . 474* 

l  0  4  ^  HI* 

1 . 1 *M 

4  ft  ft  I  1  >9 * 

0  111’ 

9  MM 

1 .  109/4  3  3  0  4 

A l *1 4  «1 #3 

17*4  Ml 

1 . 4| »1 

4  4  1  )  J  *  ft  • 

9  1**1 

A  994* 

0  .  9C*7»  3 034 

1  «n 

14  1  )  f 1 1  4 

1  .  4 J  ’• 

4  40  7  0  7  09 

A  .  44  A  J 

1.400* 

ILC  440*ttL*ftT 

•  u4*»f  •  JwftAOft  Nl, 

7 

0.994700’’ J”* 

8  4  ’  /  7  4|*7 

1*47 . •*•• 

>.7J«3 

4317  29*3 

0 .4*4* 

1 .A0O* 

0 • 9  Jft JftOOflO 

*31  J  ft  .  8  ”  • 

1  ’4 , . 1 •  ;  ’ 

7  .  ft  •  ft  4 

•771**14 

0  .*783 

1  .  8  0  A  0 

4,fl')lJ7lJ09 

444*4.4811 

!••*.*•  »* 

V  1  »  ’  3 

4711  *14* 

0  . 8  ft  ?* 

1  .  80AA 

9  . *  J  9  1 4 i  '01 

4/4*  *  9  ’  13 

73  #47* 

1.4743 

•1*1  1-4’ 

0  8148 

1  .  A*A<1 

0.109340  M" 

1*414.1/** 

71  »1  *  4  *  * 

4  .  •  8  >9 

•  0«*  79  1  ’ 

9 .  a; y » 

1  .  o*oo 

0.009340301 

5*«*  ’  .  lit! 

7  7  7  3  p  ft  7 

4  .  *  8  «  9 

494*  .  9  «8* 

0  .  A  *  8  * 

1 . 0000 

O.AOAAAftiftA 

14  1*/  9*4  I 

7  J  '  4  4  7  *  ft 

8 .  >7«  3 

43CS  *  137 

3.8*77 

1  .00*0 

0.009470000 

M  *8*  .4  301 

?4  >*.*** ; 

8  .  Mil 

198ft  I1M 

*.  *0M 

1  .  8  0  0  A 

0.009440000 

?  9  4  7  V  ft  •  1  l 

7*4  7* 

4  .  4*;9 

»« 1 3  l«  »  ’ 

0 . ’78  3 

1  . 1001 

(3  .  10444  3  009 

7  *  ft  9  ’.  ft  7  •  1 

7 *«  ft  'I * 

’  • :  l  ft  7 

MM  ^11 

0  .  ’  4  9  0 

<  .  0  *  A  0 

o .  *  ft  o  4  •  o  i :  i 

7  ft  M  A  1  4  |  4 

7*  1  •  .  44  ft 

*.’♦»! 

<831  4444 

A  .  ’  ft  A  9 

1  .  A001 

0. 100*40109 

744*7. /J*/ 

?7<*  *  *  3 '  - 

•.4149 

1  ’••  .  J4/9 

C  .  7*87 

1  .1010 

0.909l70ftOft 

7Jm*.a|7i 

7  •  *  1  .  :  7  5  * 

•  .  1  l  *  i 

3  »*0 . f  1* 

A  .799* 

1.0000 

9. 009*43oO 

7 l A  ** . A*  7* 

7*  *ft  j  -.8  ft 

t . A\Aft 

i’?r  43*7 

0  .  *  1  4  3 

1.0000 

0 . 409*13009 

4ft  ft  .  788* 

7*1*489. 

18.8/ft  ft 

3ft9*.  Mi* 

r..P?*3 

1 . 0000 

9 . 8  00*4  3ft  Oft 

1  *  ft  4  !  .  »  •  0  * 

7**1  ft  ft  ft  4 

11 . ?*’« 

MM  ??S8 

0 .841* 

1  .0000 

0  .  OOAMQOOft 

t  •  .410* 

3^44  •**• 

1  ♦  .  •  •  9  ft 

3*37.2819 

A  .8*41 

1 .0000 

0. 808* 7 100ft 

1  7  4  4  .  «;*! 

30*8  .  1 44  • 

17.  M»« 

M  *  0  .  1  A  7  ’ 

0  .  B«A1 

1  .0900 

3.80894910ft 

1  *4  2  .  *•  3 1  4 

3  1  4  <  t*8  4 

!*.••** 

Ml*  1  777 

0  .  A”4 

1  .  0000 

0.90***3091 

!*’*'.  1*73 

3148  4  ft  *  7 

1  4  .  7ft*7 

3*A*  .  ?  a  1  1 

0.«*87 

1 . 0000 

0.  114*43(109 

1  *»  -  9  1  .  *  ’  8  1 

3  4  1'.  *  •  '  1 

1 8 . 1*4C 

18.1*,1»?9 

«  .  498* 

1 .  0000 

3  .  3  '  8  ’  4  j  o  C  9 

•  4  '  f  «  .  4  3  3  2 

37  ’  *  «•«** 

18.MM 

Ml7  .  ’947 

•V  9  0  •  J 

1 . 0900 

0 . 1M ’79  3  34 

1  3  *f A  .  4  »?7 

3  J  •  7  4114 

!•. 84"? 

’••0 . A9*  3 

P  .  9  J  ” 

1  .080  0 

0.118749338 

1  ’  4  1  .  1  1  •  « 

1 3  8  - .  7  ft  1  ; 

1  1  .  44*  * 

1«4ft  ‘ 9 *  ’ 

0  .  9  7  A  3 

1 .0000 

0  . 1 J  9  7  •  1 1  3  0 

17*78. 1337 

1  1  •  *  1  4  •  ; 

!•  .  7 ft 8 i 

144^.97*4 

A  .9337 

1  .0900 

0.9087*903: 

12: , A.ftit* 

*  4  »  '  .  |8*  1 

1  f  .  09  •  4 

34?*  ft  *0 1 

1.940* 

1.0000 

9. 91914900ft 

1  ■.  ft. 'ft.  4  9*1 

*  ft  ft  ;*•» 

1  •  .  •  2  4  .3 

3  4  A  *  4  8 1  ’ 

0.947* 

1  .0000 

0 . 8  0  0  •  >  3  O  0  0 

! 1 : ’4.11*3 

«  •  4  11*4 

2  A  .  1*4  4 

838*  *84? 

0 . 9*44 

1 .  0000 

0 . 498*4  9  000 

1 n 7*i . *«i  \ 

1*-  *  •  *’  ’  1 

71.8171 

13A*. -87  ft 

A  .9*0* 

ft  .0000 

O.1J***9O00 

1  0  18*  .  »49 

J  1  4  *  1  8  9  0 

77.4*4’ 

3  3  *•  1*40 

0 . 9ft  A • 

1  .oooo 

0 . 108*»0800 

•  <*•3.8*8 

1144  4448 

78. *7*c 

3  3  3  s  .  A  7 1  0 

0  .*’7* 

1  .  00P0 

0.  938*40000 

•  ft  '1.8734 

IftM  9?VA 

? 4  ; *8# 

3313  «7»8 

0 . *7** 

1  .oonn 

0  .  33097080ft 

?  1  1  1  .  7  *  1  . 

IftM  1448 

7*  .  9ftO* 

l?»ft  "07 

0 . 9  *  4  p 

1.0000 

A.  130*4 1009 

6  4  ■*  7  .  '  1  *  • 

3*4  1  A48  ’ 

7 0  .  ••«  7 

1?*0 . A’»« 

A  .9*93 

1  .  0000 

0 .100*4  00  0  0 

S‘  J*  «  4  77 

HM  .*•  3« 

7A . • 3 • 8 

*  2*4  .  V.*  |  A 

0 .9944 

1  .9000 

0  .  130*49 9 Oft 

*  ‘  1  41  4 

l  ’  **  7  .  3  *  ft  4 

7>.7J’0 

i;«9  .843 

0 . 9994 

1  .0000 

0.301043000 

'  '  J 

3M8 . 48  •  7 

?P.ft?M 

17/7  A  1  ’  1 

1  .  PPOO 

1  .  0300 

*IC  9*08fcLl**r  *U*N- 

’  -  -*8(lfe  NO. 

X 

0. 991070000 
O.101O4QOOO 

M JO. 8483 

78*’  . 961* 

3 ’ 4  7 .  7  7? 1 
37a9.  ft  9  w 

7  •  •  8  J  A  0 

’A .4J12 

.we» .  f>»i 

M*J. :  «V. 

1  . 10  0  0 

1  .  A000 

1 .0000 
1  .0000 

0.1010198*0 

’A06 . ! 774 

374*  .  94;A 

30 .03  00 

1!  *1 .  v.»l 

1 .  Mono 

1 .0000 

isD  or  »  J". 


A. 06 


THEORETICAL  EFFECT  OF  ADDING  WC  BLANK  PRO 


UU  Of  ADDING  .  S  GRAINS.  OF 
Figure  A -2 


B.  Cliamber  Heating 

1.  Heat  Transfer 

Die  following  analysis  will  demonstrate  how  the  heat  trans¬ 
fer  to  the  chamber  during  firing  can  be  computed. 

Consider  a  chamber  whose  outside  diameter  Is  1.15  Inches. 


i 


Die  cyclic  rate  at  750  rounds  per  minute  is  one  round  every 
80  milliseconds.  The  barrel  time  for  the  projectile  is  approximately  one 
mill  isecond . 

A  small  surface  element  stores  heat  during  the  barrel  time. 
Conduction  from  this  element  to  the  outer  surface  without  external  surface 
convection  is  assumed  during  the  rest  of  the  cycle. 

The  heat  input  into  the  thin  annular  element  during  the  barrel 


time,  t,  is 


AQ 


nl 


hAL  (Tg  -  T(n_1)2^ 


(1) 


is 


The  increase  in  the  element's  temperature  during  this  time, 


AT 


'nl 


nl 


m.C 
1  P 


(2) 
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and 


(3) 


nl 


1'  1N,  +  AT 

(n- 1)2  n 


During  the  remainder  of  the  cycle  time,  the  heat  la  trans¬ 
ferred  from  the  thin  element  to  the  outer  element  according  to 


AQ. 


-ka2 

X., 

<T> 


(T 


nl 


VP  C2 


(4) 


Then  the  final  temperature  of  each  section  at  the  end  of 


the  cycle  is 


T  + 

(n-1) 


"n-l 


Vuipv 

micP 

AQn2 


nuC 


2  P 


(3) 

(6) 


Consider  a  chamber  length  of  1  inch,  an  inner  diameter 

of  .378  inch,  an  average  convection  coefficient  of  1.0  cal/sec-crV°C 
2  o  o 

(7373  BTU/hr-ft  -  F),  gas  temperature  of  4000  F,  an  average  barrel  tempera¬ 
ture  of  150  F  and  a  heating  time  of  1  millisecond.  Substituting  into 
equation  (l), 


AQ  =  7,373  (4000-150)  - 

nl  144 


x  10 


-3 


3600 


AQni  *  .0646  BTU/shot 
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C^ytpo%atio 


K, 


Equation  (4)  will  give  the  conduction  rate  per  shot  assuming 
a  surface  temperature  drop.  Thus, 


_KA2 

'l(jn2  '  X0  (-0^2 

(T-) 


•  ,.378  +  .  350, 

( - j - )  x  1  .3 

■16.0  x  1  x  AT  x  80  x  10 

_ 144 _ 

,  .378  ,  „  .  ,„3 

<12  ~x  2  3,6  x  10 


AQ  .  =  .240  x  10'3  AT  BTU/Shot 

n2 


When  the  temperature  drop  across  the  wall  of  the  chamber 
approaches  2b9°F,  the  heat  conducted  per  shot  approaches  the  heat  input  per 
shot.  Assuming  an  equi librium  with  a  temperature  differential  of  269°F,  the 
total  number  of  rounds  fired  to  reach  a  surface  temperature  of  325°F  is 


N 


m  C 


[T 


co 


"  LI 

2 


-  T  J 
o 


AQ 


nl 


(7) 


The  weight  of  a  1  inch  length  of  barrel  of  1,15  inch  outer 
diameter  is  .26  lb. 
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(.26)  (.  11)  (325  - 


70] 


269 


.0646 


54  rounds 


2.  Operation  of  Heat  Sink 

For  convenience,  the  temperature  drop  across  the  steel  is 
assumed  negligible  and  to  vary  linearly  across  the  wall  of  the  aluminum 
sleeve.  It  is  also  assumed  that  a  constant  amount  of  heat  input  occurs 
for  each  shot  and  is  uniformly  stored  in  the  steel  chamber.  Then,  heat 
flows  from  the  steel  into  the  aluminum  for  80  milliseconds.  The  following 
sketches  depict  the  assumed  conditions: 

TEMPERATURE  COOLING  SEQUENCE 


Steel  Aluminum  Steel  Aluminum  Steel  Aluminum 


T 

l 

~18C 

.  ^  4 

H - 

^t{ 

tm  j  ^Tj 

! 

| 

)ms 

j 

1st  Round  2nd  Round  3rd  Round 

80  ms  160  ms  240  ms 

Only  radial  flow  is  assumed  and  a  one  dimensional  analysis 

is  presented  for  simplicity. 
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■r 


Clo\po*uitLo*i 


7 


'PA 


A 

K 

CPB 


4  T. 


H*  x  - «.| 

i 

A:  Steel  B:  Aluminum 

After  heat  Is  put  into  the  cliamber  wall,  the  temperature  ia 


T  anti  the  rate  of  heat  flow  from  the  chamber  ib, 
AO 


(t  -  T  ) 
dt  ::  'A  b' 


The  amount  of  heat  contained  in  A  is, 


^A  "  ma  cpa  ta 


The  amount  of  heat  contained  in  B  is , 


TR  +  ta 
CPB  (-VA) 


(8) 


(9) 


(10) 


For  anytime  during  cooling,  the  total  heat  is  constant. 

Therefore, 

T  f  T 

Wao  +  Vpbtbo  ■  macpata  +  Vpb  (A  2  >  (11) 

Solving  for  the  temperature  T^  for  any  time  during 

cooling, 
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<tao  +  ki1bo) 


U  +  2  )  Ta 


K1 

<r> 


Where : 


V[BCPB 

VfA 


(12) 


(13) 


Differentiate  equation  (9)  and  equate  it  to  (8). 


-KA 


macpax 


<ta  -  V 


(14) 


Substituting  equation  (12)  into  equation  (14)  and  integrating 


results  in, 


T  =  T 
A  AO 


2KA 


|macpax 


(  1  + 


macpa 

'lBCPB 


)  t 


1  +  (• 


!‘1bcpb. 


BO  _ 


macpa  tao 


1  + 


>tBCPB 

macpa 


BO 


AO 


1  +  (^) 

Vpb 


(8) 
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Equation  (15)  gives  the  steel  chamber  temperature  after 

the  cooling  time  t  when  the  initial  temperature  from  the  heat  input  was  T.^ 

and  the  temperature  of  the  aluminum  was  T_„.  If  the  expression  in  the  braces 

T  B0 

{}  is  a  constant,  the  ratio  of  - —  is  a  constant  or  an  expression  whose 

lk0 

variance  has  a  small  effect  and  equation  (15)  can  be  written 


ta  +  rtao 


(16) 


Examine  equation  (16)  for  a  series  of  rounds  fired 

T.  -  R;  T  +  AT] 

1  o 

T2  =  ^Ti  +  *  r2t0  +  r2‘-T  +  Rvr 

T_  =  RLT„  +  AT]  -  R3T  +  R3At  +  R2AJ  +  RAT 
J  l  o 


T  -  R^  +  (R1  +  Rn_1  +  ....+  R)  AT 
n  o 


(17) 


Simplifying  and  recognizing  the  sum  of  a  convergent  geometric 
series,  equation  (17)  becomes, 


T 

n 


n- 1 


R  [Rn_1To  +  (1~RR— )  AT 


(18) 
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Based  on  the  dir, tens  ions  new  in  use,  the  following  values 
are  used  to  calculate  the  chamber  temperature  versus  the  number  of  rounds 
fired  for  a  one-inch  chamber  length.  For  consistency,  it  is  assumed  that 
the  aluminum  sleeve  around  the  chamber  is  cylindrical. 

2 

A  (equivalent  aluminum  flow  area)  *»  2.68  in 

CpA  (Specific  heat  of  steel)  =  .11  BTl'/lb-0F 

C n  (Specific  heat  of  aluminum)  =  .22  BTU/lb-°F 

rli 

K  (conductivity  of  aluminum)  =  177  BUT-ft/hr-ft^-°F 

M  (weight  of  Steel  Chamber)  *  .0352  lb. 

t\ 

Mg  (weight  of  aluminum  sleeve)  »  .060  lb. 

Tg0  (reservoir  temperature)  =  70°F 

X  (radial  aluminum  conductor)  =  .303  in. 
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Calculating  the  temperature  rise  In  the  steel  chamber  per 
shot  for  a  heat  Input  of  .0646  BTU  as  found  earlier. 


.T  = 


macpa 


1 6 . 6  F 


■  0646 _ 

.0352  x  .11 


first  shot  is, 


Then  the  initial  temperature  for  a  16.6  F  rise  after  the 


T  =  (460  +■  70)  +  lb. 6 

0 

o 

=  546.6  Rankinc 

Using  the  previous  values  for  the  remaining  constants,  the 
ratio  factor  R  is  .928  and  equation  (18)  becomes 

T  =  .978  (.  978)n~ 1  (546.6)  +  (4-^7^  (16.6) 

This  equation  is  plotted  in  Figure  A-3,  showing  temperature 
(°F)  in  the  steel  chamber  as  a  function  of  the  number  of  rounds  fired. 

The  above  deviation  assumes  an  infinite  heat  sink  capable  of 
returning  the  outside  of  the  aluminum  sleeve  to  the  ambient  temperature  of  70° 
after  80  milliseconds  of  the  thermal  lag  can  be  neglected,  an  estimate  of  the 
number  of  rounds  to  reach  the  cook-off  temperature  of  325°F  can  be  made  for 
various  weight  of  aluminum.  For  a  constant  heat  input  per  round, 
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Weight  of  He«.t  Sink 


Ftrtd  at  7 SO  RourWa/Mlnuta 


.22  x  (325  -  70)  M 

“  70646 

-  880  M 


Figure  A-3  illustrates  the  number  of  rounds  that  can  be  fired  until  cook 
off  temperature  is  reached. 

As  previously  mentioned  a  .60  pound  heat  sink  is  being 
used.  This  enables  approximately  530  rounds  to  be  fired  until  a  chamber 
temperature  of  350  F  is  reached. 
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C.  Amnunit  ion/Weapon  Interface 


I.  Firing  Pin  and  Bolt  Sealing 

A  computer  program  analysis  was  applied  to  determine  the 
effectiveness  of  the  bolt  and  firing  pin  obturating  seals.  The  results  of 
the  analysis  for  t Ite  firing  pin  are  compiled  in  Table  A-3.  Figure  A-4  is 
a  schematic  of  the  obturator  showing  the  variables  under  consideration. 

TABLE  A-3 

FIRING  PIN  OBTURATOR  ANALYSIS 

V2  «  .003b  in2  V0  -  .0028  in2 


t 

in.  | 

c 

in. 

1 - r 

!  Pc  : 

psi  | 

“  —  -T  T 

1 

P2 

PSL 

t 

in. 

c 

in . 

P 

c 

psi 

!  P2 
psi 

.002  5 

.002 

* 

11397  j 

1395  ,, 

I 

1 

.OO3O 

.002 

t  ' 

1  JO  7  8 

1798 

1 

.0050  ; 

.002 

13078 

2312 

.0100 

.002 

12798 

1 

1800  j; 

.0100  | 

.002 

12798 

2315 

.002  5 

.001 

8887 

42  7  ; 

j 

.0030 

.001 

10556 

633  () 

.0050 

.001 

10556 

813 

O 

O 

>  t 

o 

.001 

j  10883 

.nt  1L 

.0100  | 

.001 

.0883 

894 

A.  20 


/ 


Nomenc lature 

P  »  chamber  pressure  -  psi 

when  obturator  is  c losed 

*  downstream  pressure  when  -  psi 
obturator  seals 

3 

*  downstream  volume  -  in 

c  *  obturator  deflection  -  in 

t  =  obturator  thickness  -  in 

FIRING  PIN  OBTURATOR 
Figure  A-4 

The  purpose  of  this  analysis  was  to  determine  whether  or  not 
the  firing  pin  obturator  would  seal  when  there  was  clearance  between  it  and  the 
bolt.  If  a  seal  could  be  accomplished,  it  would  be  necessary  to  know  the 
allowable  clearance,  the  obturator  wall  thickness,  and  the  maximum  downstream 
pressure  felt  by  the  "0"  ring  seal  prior  to  completion  obturation.  It  can 
be  seen  from  the  table  that  the  values  calculated  for  the  larger  downstream 
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volume  (V^  *  .0036  in  ,  obtained  by  undercutting  the  firing  pin)  produce  lower 
downstream  pressures.  The  smaller  volume  was  used  in  the  actual  design,  however, 
in  order  to  make  the  "0"  ring  seal  practical.  In  order  to  maintain  the  maxi¬ 
mum  strength  and  resistance  to  erosion  for  the  obturating  surface,  a  wall 
thickness  of  ,010  in.  was  chosen  as  most  desirable.  A  radial  clearance  of 
.001  in.  (.002  in.  diametral)  or  less  can  be  maintained  fairly  easily.  From 
Table  A-3  it  can  be  seen  tlmt  these  values  will  produce  downstream  pressure 
of  894  psi,  well  within  the  realm  of  a  standard  "0"  ring. 

The  bolt  obturator  operates  with  a  diametral  clearance  of 
.001  inch.  An  analysis  similar  to  that  for  the  firing  pin  was  undertaken  in 
order  to  find  the  effectiveness  of  the  bolt  seal.  The  first  and  last  page 
of  this  computer  analysis  are  given  in  Table  A-4  showing  that  the  downstream 
pressure  reaches  820  psi  before  complete  sealing  takes  place.  This  value 
presents  no  problems  for  standard  "0"  rings. 
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OOTURaTqR  ?E»L  STUOV 


TABLE  A -4 


TIME  *  T  Pc*k  PRESSURE 
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o. 173000040 < Ini 
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- f  f 


00wnSTBE*h 

OBTURATOR  RADIAL 

PRESSURE 

deflection 

(PSI  1 

( INCHES! 

P.OOOO 
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0.000000 

0.1918 

0.008000 

0.2848 

0. oonooi 

0.4992 

n.nonooi 

0.6634 

0.100002 

0.9091 

0.000003 

1.1920 

0.000004 

1 .9118 

0.000006 

1.8675 

0. 000008 

2.2594 

o.oonnio 

2.6865 

0.000012 

3.1405 

0.000015 

3.6448 

0.000017 

4.1747 

0.000020 

4.7379 

0.000023 

5.3339 

0.000028 

5.9623 

0 ,000028 

*.6229 

0.000031 

7,3155 

0 . 000033 

8. 0401 

0.000035 

8,7967 

0 . 000037 

9.5855 

0.000039 

10,4067 

0.000040 

11  ,2607 

0. 000041 

17.1477 

0.000042 

13.0683 

0.000043 

14.0227 

0.000043 

15.0114 

O.00004J 

16.0346 

0.000043 

17,0925 

0.000043 

18.1892 

0.000043 

19.3127 

0.000043 

20.4748 

0. 0000*3 

21.670* 

0.000044 

22,9007 

0.000044 

24.1635 

0.000045 

25.4583 

0.000046 

26.7842 

0.000047 

ChIMRCR 
PRESSURE 
(P9t  I 
o . ongo 

40.0010 

8o .  moo 
120.0000 
160.0000 
?no.pooo 
240.0030 
280.0030 
3?0 . onjn 
360  .  Oflon 
400.0010 
44o . "non 
480 . 0000 
920.0000 

96o . noon 
600 . 0000 
6«o .  unoo 
680 .0000 
720.0030 
760.0000 
800 .  OOOO 
840.0000 
880 .  OOOn 
920.0000 
960.0000 
1000.0000 
1040.0000 
1080.0000 
1120. Onoo 
1160.0000 
1200.0000 
1240.000" 
1280  .  noon 
1320  .onoo 
1360. ooon 
1400.0001. 
1440.0000 
1480.0000 
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TABLE  A-4  (Cont'd) 
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l3n8n.ooon 

00’ • 7129 

ft  .000*60 

0 . 0000*8*0 

1  3  1  2  o  .  0  0  0  0 

002.6822 

0.000**2 

0.0000*880 

131*0.0000 

803.5911 

0.0004*5 

0.0000**00 

13200.0000 

00* • **51 

0.000**7 

0.0000**20 

132*0.0000 

805.250* 

n.oon**9 

0.0000*6*0 

13280.0000 

*0*. 01*3 

0.000*7o 

0. 0(100*6*0 

13320.0000 

8  0  6 . 7**2 

0.000*72 

0.000(1*680 

133*0 .0000 

007 . *478 

0.000*73 

0.0000*700 

13*00.0000 

800.1327 

0.000*73 

0.0000*720 

13**0  .0*00 

00". 8057 

0.000*7* 

0.0000*7*0 

13400.0000 

009. *729 

0.000*74 

0.0000*7*0 

1-3520.0800 

810.139* 

0.000*74 

0.0000*780 

13560 . 0000 

010.8008 

0.000*7* 

o. onoo*8oo 

1-3600.0000 

*1’ .*83* 

0.000*74 

0.0000*820 

136*0.0000 

812.1639 

0.000*74 

0 .0000*8*0 

1  3680 .0000 

012,8*91 

0.000474 

0.0000*8*0 

13720 .0000 

013.5366 

0.000*74 

0 . 00OG*88q 

137*0.0000 

01*. 2222 

0.000*74 

0,0000*900 

13800.0000 

81*. 9003 

0.000475 

0.0000*920 

138*0.0000 

815.56*3 

0.000475 

0.0000*9*0 

13880.0000 

016.2066 

0.000476 

0 .0000*960 

1-3920 . 0OJ0 

016 . 8190 

0.000478 

0.0000*980 

l39*o.oonn 

017.3931 

0.000*79 

0.00007000 

1*000.0000 

817.9205 

0.000*81 

0.00007020 

1*0*0.0000 

018.3930 

0 . 000*84 

0,000070*0 

1*080.0000 

818.8035 

0,000486 

0.000070*0 

1*120. 0000 

Bi9. t*57 

0.000489 

0.00007080 

1*160 . 0000 

019. *1*4 

0.000492 

0.00007100 

1*200.0000 

019.6063 

0.000*94 

0,00007120 

1*2*0.0000 

019.7193 

0.000*97 

0.000071*0 

1*280.0000 

819.7532 

0.000500 

*AX  DEFLECT  I  ON  REACHED 
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2.  Erosion  of  Firing  Pin  Face 

Redesigning  the  firing  pin  by  removing  the  obturator  lip 
has  been  considered.  This  presents  the  problem  of  erosion  due  to  chamber 
gases.  However,  this  problem  can  be  overcome. 

The  mechanics  of  high  velocity,  high  temperature  gas  erosion 
involves  such  theoretical  complexity  tliat  only  generalizations  can  be  offered 
concerning  the  selection  of  materials  to  resist  erosion.  A  preliminary  dimen¬ 
sional  analysis  concerning  several  erosion  parameters  indicates  Increased 
resistance  to  erosion  at  mach  1  flow  by 


_ Decreasing _ 

Gas  Pressure 
Gas  Temperature 
Surface  Roughness 
Material  Specific  Heat 
Material  Density 


Increasing  Material 
Shear  Strength 
Melting  Temperature 

Thermal  Conductivity 


It  follows  that  decreasing  the  gas  pressure  will  decrease 
the  density  and  dynamic  drag  forces  ugainst  the  minute  surface  projections 
tending  to  dislodge  them.  Likewise  lowering  this  gas  temperature  will  reduce 
the  mach  1  flow  velocity  lessening  the  erosive  force.  Minimizing  the  surface 
projections  will  offer  the  least  area  for  frictional  heat  transfer  and  dynamic 
impact  resisting  the  flow  of  the  hot  gases. 

High  thermal  conductivity  transfers  the  heat  away  from  the 
surface  increasing  the  time  to  either  melt  or  weaken  the  surface  projections 
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impacted  by  the  high  velocity  gases.  Increasing  the  specific  heat  and  density 
of  the  material  will  provide  a  lower  temperature  for  the  heat  that  is  not  con¬ 
ducted  away,  again  decaying  ::iaterial  shear  or  melting.  Finally,  increasing  the 
melting  point  and  material  shear  strength  will  add  to  the  erosion  resistance 
whether  iaiiure  is  through  shear  of  heated  weakened  particles  or  through  dynamic 
drag  and  removal  of  melted,  fluid  surfaces. 

Following  is  a  dimensionless  analysis  derivation  and  an  attempt 
to  evaluate  several  candidate  materials  to  resist  erosion.  Removal  of  this 
obturator  lip  permits  mach  1  flow  along  this  firing  pin  until  the  gas  pressure 
reaches  the  downstream  low  pressure  O-ring  seals.  An  assumption  would  be  negli¬ 
gible  at  lower  velocities. 

Expressing  the  surface  erosive  rate  at  e^ , 


e  -  G  P  ,T  ,  ,  S  ,  T  , 

r  g  g  s  m 


C  K  ] 

P,  P 


(1) 


And  using  four  basic  units  of  M:mass,  T:time,  L: length  and  &: temperature ,  the 
dimensional  equivalents  of  each  parameter  are, 


p  :  h 

g 

_M _ 

T2L 

T  :  9 

m 

T  :0 

g 

M 

l3 

e  :L 

cp:  A 

q  .  F 

ft 

K  •  J£t- 

Ss*  L2 

t2l 

V  T  2  u 
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Co^poxatLo 


Wy 


In  dimensional  form. 


L 

T 


q  *  k  c  m  ^  e  m  ^  ]2  8  ml  ^ 

(4“)  (9)  (L)  Hr)  (0)  (-£)  (“") 

T^L  T  L  LJ  T  «  TJ8 


Equating  the  exponents  of  the  basic  units. 


M:  0»a  +  d+  f  +  h 

T:  -1  -  -2a  -2d  -2g  -3h 

L:  1  =  -a  +c  -d  -3f  +2g  +h 

9 :  0  *  b  +e  -g  -h 

Adding  equations  (3)  and  (5), 

1  ■  c-2F+2g+2h 

Multiplying  equation  (3)  by  2, 

0  =  2af  2d+2f+2h 
Adding  equations  (4)  and  (8) 

-1  -  2f-2g-h 

substituting  equation  (9)  into  equation  (5) 

1  =  -a+c-d-f+1 
f  *  -a+c-d 

Substituting  equation  (10)  into  equation  (3) 

0  =  a+d+h-a+c-d 
h  =  -c 


(2) 


(3) 

(4) 

(5) 

(6) 

(7) 


(8) 


(9) 


(10) 


(ID 
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Substituting  equations  (11)  and  (10)  into  (9), 

-1  =  -2a+2c-2d+c-2g 

g  =  a+  y  -d  (12) 

Finally,  substituting  equations  (10),  (11)  and  (12)  into  equation  (6) 

3 

0  =  b+e-'i+a-  ^v+d+o 

e  =  j-a-trl-  ;C-d  (13) 

Returning  to  equations  (2)  and  (1) 


0  -  C  [P  j“lT  lbU]C|S  jd!I  2  -d!,  j-a+c-d|C  ) 

r  o  g  g  s  n  hi  p  p 


combining 


P  a  T  b  evT  p  C  2 

=  Co  ^  ^ - - - L j  p  c 

in  m  p  m  m  m  p 


(14) 


® - J  v'TmC 

m  p 


(15) 


Of  course,  considerable  experimental  data  is  required  to 
evaluate  the  scaling  factor  Cq  and  the  exponents  a,  b,  c  and  d,  but  some  specula¬ 
tion  might  be  made  concerning  the  sign  and  relative  magnitude,  "a"  can  b$  assumed 
positive  since  the  higher  the  gas  pressure,  the  more  dense  will  be  the  gas;  and, 
henc^  higher  erosive  forces,  "b"  is  likewise  positive,  since  the  higher  the  gas 
temperature,  the  more  the  erosion,  "c"  must  be  positive  since  erosion  is  known 
to  increase  with  increased  surface  roughness,  "d"  must  be  negative  to  offer 
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resistance  to  shear  forces  and  probably  equal  In  magnitude  to  "a"  since  it 
reacts  similarlv  to  forces  imposed  as  a  result  of  P^. 

If  a  ■  -d  °  s ,  c  -  1,  the  erosive  rate  would  become, 


C  (r*) 
o  b 


eT  p  C 
,  m  m  p 

‘  K 


2 

— ) 


P 


(16) 


In  order  for  the  erosive  rate  to  decrease  with  increasing 
melting  temperatures,  "b"  must  be  greater  than  1  and  perhaps  as  large  as  4 
to  account  for  radiant  heating.  For  purposes  of  making  academic  comparisons 
consider  b  -  2,  then 


e 

r 


c  P 


P 


(17) 


If  this  formula  is  representative,  a  comparison  of  materials 
with  equal  surface  finish  can  be  made  by  the  ratio 


R 

y 


(18) 


Comparing  the  following, 
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Tantalum 

T-222 

Recrystallized 

Carbon 

Graphite 

4340  Steel 

7075-T6 

Aluminum 

,  ( lb  /  in'*) 

in 

.604 

.07 

.283 

.101 

C  (BTU/lb-°F) 

P 

.036 

.18 

.11 

.23 

Ss  (lb/in2) 

70.000 

20,000 

150,000 

48,000 

K  (BTU/f t -hr-°F) 

P 

32 

100 

16.6 

70 

T  (°K) 
m 

5  ,800 

6,400 

3,200 

1600 

R 

y 

1.6  x  10'U 

7.9  x  15"U 

17.3  x  10'U 

21.7  x  10' 

Comparison 

1.0 

4.9 

10.8 

13.6 

From  this  comparison ,  tantalum  T-222  will  provide  approximately 
11  times  the  number  of  rounds  that  4340  steel  could  withstand  for  an  equivalent 
amount  of  erosion. 

Roughly  approximating  the  erosion  rate  on  the  firing  pin  design 
without  the  obturator  seal,  a  maximum  of  42  rounds  are  expected  before  the  erosion 
reaches  the  small  tip  to  affect  performance.  On  this  basis,  replacing  this  tip 
with  tantalum  T-222  would  raise  the  number  of  erosive  shots  to  approximately  460 
firings. 
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D.  Cycle  Analysis 

Upon  ignition,  the  propellant  gases  Impart  a  recoil  velocity  to 
the  firing  pin.  The  gas  pressure  acts  on  the  firing  pin  for  the  duration 
of  the  dwell  travel  and  the  residual  pressure  continues  to  act  on  the  recoiling 
firing  pin  after  the  bolt  unlocks. 

A  typical  Pressure-Time  curve  is  plotted  in  Figure  A-5  and  shows 
a  peak  pressure  of  opproximately  60,000  psi.  Calculations  show  that  the  projectile 
exits  the  barrel  before  bolt  begins  unlocking. 

During  the  time  the  projectile  is  in  the  barrel,  the  following  condi¬ 
tion  applies. 


”fp 

\p  Vfp 


/  Pdt 

J 


“p_  Vp 

”fp  ap  Vp 


Throughout  the  analysis,  the  subscript  FP  designates  the  firing 
pin  and  slide  weight  assembly  and  the  subscript  P  designates  the  projectile. 


let  K 


"fp  ap 


«p  - 

"FP- 


mass  of  projectile  - 
mass  of  firing  pin  * 


App  ■  area  of  firing  pin  ■ 


Ap  =  area  of  projectile  « 


.00786  lb.  -  2.45  x  10"4  slugs 
.39  lb.  -  .0122  slugs 

.0177  in2 

.0393  in2 


Figure  A-5 


*  -  -  .«•« 

■  “p 


The  position  and  velocity  of  the  firing  pin  when  the  projectile 
is  at  the  muzzle  are: 


Xyp  -  .00907  x  20"  -  .181" 

vpp  -  .00907  x  3300  =  30  ft /sec 


After  the  projectile  leaves  the  barrel,  the  gases  expand  and 
the  above  equation  no  longer  applies.  However,  knowing  the  firing  pin  posi¬ 
tion  and  velocity,  and  the  gas  pressure  at  this  time,  the  recoil  of  the  firing 
pin  is  determined  by  writing  the  equation  of  motion  of  firing  pin  motion. 


} 


T? 


Av 


dv 

dt 


F 


AX  -  VAt 
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where : 


P  ■  average  pressure  over  time  increment  At 

F  =  average  resistance  force 

Av  =  change  in  velocity  from  t^  to  t^ 

Ax  *  change  in  distance  from  t^  to 
At  =  change  in  time  from  t^  to 


The  resistance  force  F  is  again  neglected  in  this  analysis,  since  it  does  not 
effect  the  final  solution.  Table  A-5  shows  the  velocity  of  the  firing  pin 
to  the  point  of  bolt  unlocking. 


TABLE  A-5 


r 

t  1 
ms 

At 

ms 

I  —  '  - 

P 

psi 

l  P 
ps  i 

|  Av 

fps 

V 

fps 

V 

fps 

Ax  1  x 
in  in 

.86  , 

11800 

i 

| 

30 

i 

,  .181 

> 

.14 

j  10400 

2.1 

t 

1 

31.05 

.052 

1.00  ■ 

9000 

I 

J  31.1 

.233 

.20 

7850 

,  2-3 

i 

i 

j 

33.7  ! 

.081  ; 

i 

1.20  ; 

6700 

j  35.4 

i  1 

|  .314 

.20 

6050 

i 1,7 

1 

36.3  j 

.087  j 

1.40 

5400 

! 

j  37.1 

: 

.401 

.40 

4300 

I  2.5 

1 

38.8  1 

.186 

1.80 

3200 

j 

1  39.6 

1  I 

.587 

.35 

I 

2600 

i  1.3 

I 

40.3 

.16 

2.15  ‘ 

\ 

_ ^ 

2000 

i 

i 

1  40.9 

_1_  .  . 

i.  .! 

.755 
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Bolt  Unlocking 


e 

9 


“b 


0 

kx 

k£  ■  kv 


FP„ 


I 


Bolt  Camming  Operation 


mass  of  bolt  sleeve 


min 


-•4  x  U — 


f 


Assuming  conservation  of  momentum: 


^Wfp  "  ^fp +  V  vfp2  +  :bs  r 

Consider  the  unlocking  cam  surface  of  the  bolt  sleeve  to  a  helix 


and  for  any  angular  rotation  9  the  linear  displacement  x  is  determined  by 
the  constant  K.  Equating  the  momentum: 


Mg  *  mass  of  the  bolt  =  .148  lb. 

r  =  mean  radius  of  the  bolt  sleeve 
I„_  =  Moment  of  inertis  of  bolt  sleeve 

DO 

-  (m)r2 

«  (. 148)  ( . 203)2 
=  6.10  x  10‘3  lb-in2 


K 


0 

x 


2b  x  n/180 
.25 


1.81  rad/in 


substituting , 


■40  x  40.9 


FP„ 


.40  +  .148 


1.81  x  6 . lo  x  10 
.203 


-3 


*  27  ft/sec 

Energy  stored  in  the  drive  spring  during  recoil  results  in  the  following 
velocity  just  before  contact  with  the  buffer. 


i  o-Vp  +  V 


E.  +  *  <:lFP  +  V  ',FP32 


where : 


E  *  spring  energy  at  3.4  inch  stroke 
s 

-  U.88M9.75)2 

=  38  in-lb  »  3.16  ft-lb 


2E 


"fP  + 
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GApotaCo 


tc 


Substituting ; 


,  2  x  3.16  v 
'  .40  +  0.148' 


32.2 


-  18.7  ft/sec 


Counterrecoil 

If  there  is  no  energy  returned  by  the  buffer,  the  Increase  in 
velocity  of  the  firing  pin  and  bolt  is  caused  by  the  drive  spring.  The 
velocity  prior  to  stripping  a  round  is  determined  as  follows: 

*  (MFP  +  VFP,  +  aES  “  '*  ^1FP  +  V  VFP 

4  5 

2  2I'S 

VpP5  “  X  ^Vp+MB 


0  + 


,  2  x  1.97  . 

.40  +  0.148' 


32.2 


-  15.2  ft/sec 


In  stripping  a  round,  the  added  mass  results  in  the  following 
velocity  reduction. 

<MPP  +  Vx  '  <MFP+MB  +  V  vfp, 

J  o 
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f  .40  -I-  0.148 
.40  +  0.148  0.012 


■)  15.2 


14.8  ft/sec 


During  cliamber  ing ,  die  countcrrecoi ling  velocity  is  increased  by 
the  drive  spring  and  reduced  by  the  friction  force  between  the  rounds. 


+  >lB  +  \>VFP,  +  AES  =  *(MFP  +  \  +  V 


FP 


NL 


N  =  normal  force  of  rounds  during  feeding 
=  coefficient  of  friction 
L  =  stripping  distance 


NL 


FP., 


\ 


'FP. 


2  (T 


VP  +  +  MR 


-) 


\j  /u  o\2  ,  n  (-77,  -  0.2  x  .ll9  x  1.0  v  ~2  2 
V  (14.8)  +  2  (  Q>39  +  <148  +  >012  )  M.L 


17.5  ft/sec 


The  velocity  change  caused  by  locking  the  bolt  is  determined  from: 


(NFP  +  V  VFP, 


^FPVFP0  +  IB5  r  VFP 


8 
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Cl&lpO’uitlJD 


H, 


.40  >  0.148 


FPr 


in  .  1.81  x  6,10  x  10 

.203 


)  17.5 


■  21.3  ft/sec 

The  drive  spring  accelerates  the  firing  pin  through  the  one-inch 
dwell  stroke,  and  the  velocity  at  contact  is, 


'iMFPVFPn  +  AES  "  ^VpVFPd 


'FP9  =  \/(21.3)2  +  (~3'~-3)  32.2 


■  23.1  ft/sec 

The  theoretical  displacement-time  curve  which  results  from  the 
preceeding  firing  pin  velocity  compilations  after  each  event  is  determined  by 
summing  the  time  increments  between  events. 


At  ■  — 


AX 

v. 


FP 

VFP  +  VFP 

i  i+1 


FP 


T  -  Z  At 
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where : 


time  between  cyclic  events 


At  * 

Vpp  =  average  velocity  between  cyclic  event 
T  =  total  cycle  time 


These  equations  were  used  to  compute  Table  A-6  from  which  the 
T-D  Curve  of  Figure  A-6  was  plotted.  The  resulting  cycle  was  computed  to  be 
approximately  1,000  rounds  per  minute.  This  analysis  did  not  include  friction 
or  any  secondary  velocity  loss  caused  by  the  buffer. 


TABLE  A-6 


Firing 

Pin  Station 
(Inches) 

Ax 

(Inches) 

Firing 

Pin  Velocity 
(FPS)  . 

! - . 

VFP 

(FPS) 

i 

At 

(MS) 

0 

0 

3.12 

.75 

20.4 

.75 

40.9 

.62 

.25 

33.8 

1.00 

27.0 

8.72 

2.40 

22.9 

3.40 

18.7 

12.30 

1.40 

9.4 

4.80 

0 

25.30 

2.30 

1 

7.6 

2.50 

15.2 

6.90 

1.50 

18.2 

; 

1.00 

21.3 

3.70 

1.00 

i 

22.2 

I 

0 

;  23.i  i 

1  | 

59.66  ms 

=  1000  rds/min 

where: 


At 


time  between  cyclic  events 


Vpp  =  average  velocity  between  cyclic  event 
T  =  total  cycle  time 

These  equations  were  used  to  compute  Table  A-6  from  which  the 
T-D  Curve  of  Figure  A-6  was  plotted.  The  resulting  cycle  was  computed  to  be 
approximately  1,000  rounds  per  minute.  This  analysis  did  not  include  friction 
or  any  secondary  velocity  loss  caused  by  the  buffer. 

TABLE  A-6 


I 


Firing 

Pin  Station 
(Inches) 

Ax 

(Inches) 

Firing 

Pin  Velocity 
(FPS) 

- - 

VFP 

(FPS) 

1 

;  At 

(MS) 

0 

0 

3.12 

.75 

20.4 

*4 

.75 

40.9 

.62  | 

.25 

33.8 

1.00 

27.0 

8.72 

2.40 

22.9 

! 

3.40 

18.7 

12.30 

1.40 

9.4 

4.80 

0 

25.30 

2.30 

i 

7.6 

2.50 

1  15.2 

6.90 

1.50 

18.2 

, 

1.00 

1  21.3 

3.70 

1.00 

i 

22.2 

1 

0 

23.1 

t  | 

59.66  ms 

=  1000  rds/min 
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Figure)  A -6 


In  addition  to  an  energy-absorbing  buffer,  the  cycle  time  .ould 
be  increased  by  slightly  increasing  the  weight  of  the  firing  pin.  Figure  A-7 
plotted  from  actual  data  taken  with  a  non-energy  dissipating  buffer,  shows 
how  increasing  the  firing  pin  weight  decreases  the  firing  rate. 

f - - - - - 

I  Firing  Pin  Maximum  Recoil;  Cycle  Time 

! Weight  (Lb.)  I  Velocity  (FPS)j  (MS) 


Cycle  Rate 
(Rds/Min) 


Tiring  Tin  Weight 


E .  Stress  Analysis 

1.  Load  Reactions 

The  ga6  pressure  acting  on  the  bolt  face  area  A  results 

in  a  force  F  .  This  torce  is  supplied  at  the  face  of  the  holt  sleeve  and 
P 

motion  la  restrained  by  the  barrel  extension  engaging  the  bolt  sleeve  lugs. 
The  torque  transmitted  through  the  angled  bolt  sleeve  lugs  Is  taken  by  the 
lugs  of  the  firing  pin. 

Since  the  bolt  sleeve  lugs  are  canted  at  several  angles, 
the  normal  and  friction  forces  acting  on  the  lug  face  were  resolved  in  their 
various  components  and  used  as  such. 


Front  View 


Side  View 


Sunning  forces  in  Che  Z  direction: 


where : 


I 

| 

| 


IFz  -  0  -  R3  -  Ri  4  F  cos  B  -  F  cos  9  -  F  +  Fz 


F_  ■  N,  cos  4  flin  © 
Zj  l 

F  ■  N_  coa  f  sin  8 
Z2 

f  «  u  N  cos  t  cos  9 
tZ  1  1 

-  *’fZ  -  M-  N2  cos  ^  cos  6 


(R  -R.)  4-  (N.-N-)Ci,  cos  ©  cos  6  -  cos  ^  sin  0  cos  ^)  -  0 


/ 


CtyiporatioH, 


7 


Sunning  forces  in  the  y  direction: 


where : 


rV°  ‘  Fyi  ‘  Fy2  +  rfz,  ,in  9  '  Fa2  ,in  9 

F  .  ■  N.  cos  0  sin  A 
yl  1  ' 

“  N2  co®  ®  a^n  ^ 

N.  -  N 


•  rl  -  r2 


(14) 

(15) 

(16) 

(17) 

(18) 


Sunning  the  torques  about  the  bolt  sleeve  center  0 

'V^VV'l  *lFn2+  Fy2  ,I"9  •  F22  co“9  +  FlZ*ryl  sil*  -pzlc0*>rl 

and  using  equations  (17)  and  (18): 
r2 

R  —  +  N  (  U  cos  0  cos  8  cos  f  cos  0  sin  j  sin  8 

1  rl  1 

-  cos  t  sin  0  cos  b)  *  0 

Again  using  equations  (17)  and  (18)  equation  (7)  becomes: 

-viRl  +  Nj  (coa  4  cos  8  +  u  cos  8  sin  0)  »  PA/2 

Solving  equations  (20)  and  (21)  simultaneously 

0  K, 


PA/2 


1 


11. 


PAK 


1 


where : 


h 

rl 

-u 


2  A 


J.  ^ 


+  uK, 


■  cos0cos0cos4  4  cosOsin^sinf)  -  cos9cos0sin0 

■  cos4  cos0  +  |j.  cos8  sin  0 


(19) 


«0) 


(21) 


(22) 

(23) 

(24) 

(25) 
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c.  Load  Reaction  Calculations 

Using  the  following  list  of  parametrLc  values,  the 


reaction  R^  is  computed. 

A  -  ~  (.3702  -  .T502)  -  .0894  in2 


5° 

a  -  r  j 

-  .25" 

e  ■= 

18.5° 

b  »  c  »  r. 

-  .327" 

0  ■ 

26° 

0.2 

■  -  .076  Equation  (24) 

**  1.002  Equation  (2  5) 

^  r  (1.002)  +  0.2  (-.076)  «=  0.75  Equation  (23) 

.327 

-PAK1  .  -LOSSm--*’*}  P  .  .00451p 

2  2(0.75) 

< bT7>  Ri  ■  <  rH27>  •00451p  *  •°°344P 

Using  the  overpressure  of  80,000  psi,  the  resulting 

reaction  forces  are: 


R  -  Rg  ■  360  lbs. 

R  -  R.  «  275  lbs. 
3  4 
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2.  Bolt  and  Firing  Pin  Stress  Analysis 

The  stresses  developed  in  the  bolt  and  firing  as  a  result 
of  the  input  loads  computed  in  Part  1.  of  this  Section  are  investigated  to 
determine  the  structural  integrity  of  bolt  and  firing  pin.  The  material  used 
in  both  parts  in  Maraging  Steel,  187  Nickel  Series  300  and  the  allowable  stress 
levels  are: 


Ultimate 
Yield  Tension 
Shear 

Bearing  Yield 


S  °  28o  ,000  ps i 


S  =  280,000  psi 

y 

S  =  170,000  psi 
s 

S.  =  400,000  psi 


a.  Firing  Pin 

The  firing  pin  first  feels  Lhe  pressure  force  acting 


on  the  recoiling  thrust  area  A^.  The  force  developed  is 


hFP  ~  PAFP 


and  the  bearing  stress  is 


br 


PFP 

-  80,000  psi 

r  P 


Therefore,  the  margin  of  safety  is 


MS 


-  I 


4.0 


400,000 
80,000 

A  torsion  load  is  applied  Lc>  the  firing  pin  through 

the  firing  pin  lugs.  The  resulting  shear  stress  is  determined  from 

T  e 
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/ 


CcifXmittO 


K, 


where : 

T  ■  torque  load 

in-lb 

P  ■  half  width  o*  lug 

in 

J  *  polar  moment  of  inertia 

in4 

The  firing  pin  lug  cross-section  is 


/Y77777 

- r 

I, 

T 

\{'  /  /  /  /  / 

t 

_ _  b  _ 

.1  *  1/12  (bh3  +  hb3) 
J  *  9.6  x  10  4  in*1 


T  -  2riR3  -  2(. 35 9) (275)  -  198  in-lb. 


198  x  .125 
9.6  x  10*4 


24,800  psi 


and  the  margin  of  safety  is 


MS 


170.000 

24,800 


5.85 


The  shear  and  bonding  stresses  in  the  firing  pin  lugs 
caused  by  the  reaction  force  and  are  computed  below. 
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s  A 


275 

.0625 


■  4400  psl 


c  Me 

S  m  — 

B  I 


(275  x  . 184) ( . 095) 
.000167 


28,800  psi 


The  margins  of  safety  are  computed  to  be 


170,000 

4,400 


(Shea i 


_  280,000  . 
28,000 


The  load  developed  in  the  firing  pin  earning  lug  impacting 


the  bolt  cam  surface  during  unlock  is  determined  below. 


Firing  Pin  Lug 


2  2  . 
v2  -  -  2as 


(neglecting  friction) 


L2ldl 

■  ■  2  x  .75/12 


11300  ft/sec/scc 


Therefore,  the  inertial  load  developed  is 


F  *  ma  «  .0084  x  11300  =  95  lbs. 


and  the  resulting  stresses  are; 


s  A 


95 

. 190  x  .30 


1670  psi 


,  _  (95  x  . 184) (. 150) 

B  1/12  (.190)(.30)3 


6180  psi 


Neither  of  these  stresses  are  critical. 
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b.  Bole  Sleeve 

Due  to  the  high  recoil  velocity  of  the  firing  pin 
the  bolt  experiences  a  large  angular  acceleration  when  unlocking  occurs, 
angular  acceleration  is  determined  from: 


o 

d‘e 


and  assuming  the  angular  rotation  of  the  bolt  is  defined  as 


a  -  2  X  7 .24  [4270+  (33. 7)2 )  -  7.82'x  104  rad/sec2 


The  inertial  force  of  bolt  during  unlocking  is 


FB  ’  ,nB  *  rl 


,00311  (7.82  x  104)(  ■—) 


7.46  lb. 


The  small  magnitude  of  this  force  reveals  that  no 
critical  stresses  are  developed  in  the  bolt  as  a  result  of  the  rotational 
inertial  force.  The  locking  lugs  on  the  bolt  experience  the  most  severe 
loads.  The  loads  and  stresses  developed  in  the  bolt  locking  lugs  are  analyzed 
as  follows: 

Bee  ring  Stress 

80.000  x  4  (T5702  -  .l302) 

2  cos  18.5°  (.190  x  .156) 


■  127,000  psi 


_  400.000 

16  *  127,000 


2.15 


Shear  Stress 


Locking 

Face 
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The  locking  lug  experiences  shearing  force  in  two 


directions,  axial  and  tangential. 


F  -  PA  «  7150  lbs. 
P 


cos  18.5 


7550  lbs. 


FAXIAL  “  1/2  [  Fp  tan  18,5  + 

=  1/2  [  7150  x. .355  +  0.2  x  7150]  -  1910  lbs 


FTANG  “  1/2  fF  cos  18,5  '  F  sin  18-51 

-  1/2  7550  [.948  -  0.2  x  .317]  -  3340  lbs. 

Since  the  tangential  force  is  the  most  critical,  the  shear 
stress  developed  in  the  tangential  direction  is 


s , 

STANG. 


ftang . 

A 


3340 _ 

(.190  x  . 769) ( . 900) 


23,300  psi 


MS  » 


170.000 

25,500 


5.67 


The  toad  caused  by  the  firing  fin  lug  impacting  the  bolt 
during  unlocking  is  determined  by  equating  the  strain  energy  of  C he  bolt 
to  the  rotational  energy  of  t he  bolt  being  unlocked. 


1/2 


V* 


2GJ 


T2L 

2GJ 


E 


K 


U 


T  «= 


A5 


where:  I_ 

o 

'JJ 

T 

L 


mass  moment  of  inertia  of  bolt 

rotational  velocity  of  bolt 
torque 

length  of  bolt 


Units 

2 

slugs -ft 


rad/sec 

in-lbs 

ft 
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Units 

G  - 

modulus  of  rigidity 

psl 

J  » 

polar  moment  of  inertia  of  bolt 

in4 

ek  “ 

rotational  energy  of  bolt 

ft-lbs 

u  - 

strain  energy  of  bolt 

ft-lbs 

.0031  x  ( 


.203. 
12  ' 


8.9  x  10  7  siugs-ft2 


<J3 


Vi  -  2Kxx  -  2  (7.24)  (.208)  (33. 7  x  12)  -  1220  — 

sec 


-  1/2  (8.9  x  lO7) (1220)2  -  .658  ft-lb 


J  ■  1/2  f  (r4  -  r .  4)  =  T 


i  2  x  16 


[(.562)2  -  (.250)2  ]  0.7 


.0065  in 


G  -  11.5  x  10  (Steel) 


2  (.658)  (11.5  x  10  H.0065) 
1.87/12 


-  795  in-lb 
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Tin  shear  stress  which  results  from  the  torque  load 


calculated  above  is, 


S  - 

s 


J 


795  x  .203 
.0065 


24,600  psi 


MS 


170,000 

24,800 


5.85 


Therefore , 
weapon  have  stress  levels 


it  can  be  seen  that  the  critical  components  of  the 
low  enough  to  ensure  a  life  of  10,000  cycles. 
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/ 

CoxpoxatjuoK 

y~ 


3*  Barrel  Analysis 

The  gun  barrel  is  analyzed  for  an  assumed  proof  pressure 
curve  which  exhibits  a  peak  pressure  of  80,000  psi.  Using  a  peak  average 
service  pressure  of  60,000  psi,  the  high  pressure  proof  round  with  heating 
effects  and  overpressure  factors  becomes  80,000  psi.  The  present  configura¬ 
tion  is  shown  below. 


The  maximum  stress  developed  in  any  section  of  the  gun 
barrel  due  to  the  gas  pressure  is  determined  from  the  following  equation. 


where : 


ri>  +  1 


l£> 


1  J 


a  »  inside  radius  of  barrel  section 
b  *  outside  radius  of  barrel  section 
=  internal  gas  pressure 

S  *  hoop  stress 
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The  stress  level  as  a  function  of  travel  along  the  barrel 
Is  plotted  In  Figure  A-8. 

The  maximum  stress  occurs  In  t he  chamber  section  and  is, 


S 

max 


80,000 


17S 

\189; 


•>  7  S  ‘ 

(  — — ) 

' . 1 89' 


l 


1 


225,000  p«i 


The  material  is  Maraging  Steel,  l S'.  Nickel  with  a  yield  stress  of  280,000  psi. 
Therefore,  the  margin  of  safety  is, 


m  s  .  2.a0-i000  .  1 

’  225,000 


.25 


The  thin  steel  chair, her  is  necessary  to  allow  heat  to  flow 
rapidly  into  the  olOl-Tn  aluminum  iieat  sink. 

In  addition  to  the  circumferential  stresses,  the  gas  pressure 
tends  to  shear  the  threads  connecting  the  barrel  extension  and  barrel.  The 
shear  stress  for  the  proof  pressure  is  found  as  follows: 


.44 


.56  Dia. 


Almar 


I 


4140  Rc30 


-  .438  Dia. 


-  .220  Dia. 
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n  -j  .j 

P  4  [D  “  -  D.-j 
o  1 

,  !•  IT  L 


80,000  „  ,438“  - 

.3  x  :•  x  .391  x 


.220“j 

.422 


80.000  ,  .1307  -  .03801 
.259 


34,800  psl 


The  margin  of  safety  is, 


85,000 
34 , 800 


1 . 44 


The  margin  of  safety  for  the  proof  round  is, 


M.S , 


255,000 

170,000 


.5 


Receiver 


The  neutral  axis  of 
the  receiver  is : 

y  *■  .085  in. 

The  bending  moment  of 
inertia  is, 

I  -  1.91  x  10"4  in4 


.080 

I 


.  109 


188 


172 
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The  bending  moment  for  the  proof  round  is, 
M  -  176  in-lb 


Using  these  values,  the  maximum  combined  stress  is, 


176  x  .103  4120 

*  1.91  x  10-<*  .0545 

-  170,000  psi 

4.  Drive  Spring  Analyses 

The  drive  spring  presently  employed  exhibits  the  following 
force-stroke  curve. 


K 


The  spring  rate  K  is  determined  to  be, 


3 

3?4 


.88  lb/in 
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The  preload  del  lection  is, 


6.80  in. 


The  free  length  is, 


F.L.  “  8.35  +  8.80  «■  13.13  in 


to  3.4  inches. 


The  maximum  possible  force  is  when  the  spring  is  compressed 


The  dcf lection  is , 


15.15  -  4.10  -  11.75  in. 


The  force  at  this  deflection  is, 


F  =  Kx  =  (.88)  (11.75)  =  10.35 


The  maximum  shear  stress  is 


s  -  J22-  fs 

s  ,3 

rrd 


n  (.047) 
118,000  psi 


— 


STRESS  SUMMARY  AND  LIFE  EXPECTANCY 


PART 

MAXIMUM 
AT  60,1 
OPERATING 

STRESS 

300  PSI 
PRESSURE 

MATERIAL 

Cliamber 

Sh  “ 

167 ,000 

187.  Nickel  ‘Jaraging  Steel 

Barrel 

Sh  “ 

82 ,000  1 

4140,  RC30 

Chamber- Bar re  1 
Threads 

S 

s 

26,000 

'  4140,  RC30 

Receiver  Sides 

Sb  “ 

1 

132,000 

i 

1 

18".  Nickel  Maraging  Steel 

i 

Bolt  Lugs 

!  Sbr  ’ 

127,000 

i  187.  Nickel  Maraging  Steel 

Firing  Spring  j 

i 

S  - 

s 

118,000 

I  National  Standard  N.S.355 

Firing  Pin 

1 

t 

Sbr  * 

l 

i 

80,000 

187.  Nickel  Maraging  Steel 

1 

f 

LIFE 

EXPECTANCY 

(Cycles) 

8  x  I04 
Infinite 
Inf inite 

5  x  I05 
5  x  105 
1  x  106 
Infinite 
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F.  Weight  Analysis 

l.  Total  Weight  of  Weapon 

The  following  is  the  most  recent  weight  analyses  for  the 
AAI  concept  of  the  Individual  Shoulder  Fired  Weapon  capable  of  firing  case¬ 
less  ammunition. 

TABLE  A- 7 


COMPONENT 

■  TJ  3  (*4 1 1MB  m  %•!  IK)  *K1 

Plastic  Stock  Assembly 

1.30 

Bolt  and  Firing  Pin 

.34 

Barrel  and  Receiver 

1.52 

Drive  Spring  and  Slide  Assembly 

.33 

Trigger  Group 

.38 

Flash  Supressor 

.22 

Buffer  Assembly 

.24 

Magazine,  20  round 

.16 

Sling,  Light  Weight 

.15 

Heat  S ink 

.60 

Foregrip 

.40 

Ejector 

.08 

Empty  Weight  ----------- 

-  -  -  -  5.72 

20  each  5.56mm  Cartridges 

.24 

Loaded  Weight  ----------- 

-  5.96 
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C.C 


ML 

M 


-  (130)  (15)  (.24)  (11.2)  +  (.38)  (13.5)  +  (.67)  (18) 

+  (.15)  (16.5)  +  (.40) (18.5)  r  (.60) (20.5)  +  (.40)(25.5) 

+  (1.52)  (30)  +  (.22) (38) 

5.96 

-  112.58 

5.96 

■  18.8  inches  iron  back 
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